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BIOLOGY —he unitary principle. A. A. W1LL1AMsoNn, Washington, D. C. (Com- 
municated by Waldo L. Schmitt.) 


The greatest thing a human soul ever does in 
this world is to see something, and tell what it 
saw in a plain way ...To see clearly is poetry, 
prophecy, and religion all in one.—Rusky. 


The Greeks, of course, “had a word for 
it.” Contrasting magnitude with number, 
they said that magnitude is limited in the 
large but unlimited in the small, whereas 
number is limited in the small but unlimited 
in the large. For—with respect to the whole 
numbers oniy—the smallest is the unit, one. 
By addition it can always be enlarged with- 
out limit. However large it may be, it can be 
made still larger, as one thousand, by the 
addition of one, becomes one thousand one, 
and so on without limit. But magnitude is 
at its utmost when the universe is taken as a 
unit, as the Greeks did. It can, however, be 
divided and subdivided without limit. 
Therefore Aristotle denied that the atom 
of Leucippus and Democritus could be the 
ultimate small its name implied: even it must 
be divisible as modern physics has found it 
to be. But the ultimate large of magnitude 
still is the universe, the “turning to one”’ 
indicated by its name. 

All of the world’s great religions, despite 
their differences, are in full agreement on 
One basic concept: the eternality and uni- 
Versality of the divine. “Only its laws en- 
dure.” The theological religions of the 
West see in their theoretic immortality of 
the human soul proof of its divinity, for the 
immortal is divine. But the non-theological 
feligions of the Far East teach how to lose 
the personal soul by union with the eternal 
soul of the universe from which (they say) 
tome all incarnate souls. For everything 
that is manifest is transient; only the soul 
of the universe is immortal and therefore 


divine. Thus, in both East and West, 
eternality—absolute independence of time— 
characterizes the divine and its abode, the 
universe. 

Today, the fundamental concept of the 
eternality of the universe is being questioned 
and, for some, disproved. Theories assign- 
ing a vast but nonetheless limited age to 
the heretofore ageless are being advanced 
and developed. But not only is the quality 
of eternality being questioned, the spatial 
extent of the cosmos itself is being conceived 
of as having limits. Although these theories 
raise as vital problems as they purport to 
settle, they are meeting with the wide- 
spread credence in scientific circles. If, for 
example, the cosmos had a beginning in time, 
what was there before it? And if it is to have 
an end, what will be there afterward? If it 
is spatially limited, what lies beyond those 
spatial boundaries? To all such questions 
Echo (but only Echo) answers, What? 

Modern cosmologies have one thing in 
common: all are mathematical. But mathe- 
matics is a branch of logic, and logic is 
concerned with proof, which is not neces- 
sarily synonymous with truth. It can 
confidently be said that when the proof of 
an axiological proposition is mathematical 
only, it is no proof of the truth-value, the 
factuality, of the proposition’s primary 
postulates, nor of the mathematically 
arrived at conclusions. The logical implica- 
tions of a proposition can be worked out in 
complete disregard of whether or not its 
primary postulates are factual: that is not 
the concern of mathematics. Something 
more than logic, even mathematical logic, 
is essential to the ‘demonstration of truth. 
And truth, be it said, is simply nature, and 





conformity to it, as science itself recognizes. 
That is why even Einstein’s theories have 
been and are being subjected to empirical 
test. Do light rays bend when passing 
through a gravitational field, as they theo- 
retically should? Observation proved that 
they do. Then—but only then—the theory, 
the logic of its mathematics, could be 
accepted as, to that extent, true. But if 
observation had shown that no bending 
occurs, all the mathematical logic in the 
world would not have sufficed to overcome 
that discrepancy, that non-conformity of 
theory with nature. The mathematics might 
be above reproach, but the proposition 
would have to be rejected at once as untrue. 
Nature does not always accord with human 
reason; observation may be faulty, or 
crucial experiments not so perfectly ex- 
clusive of alternates as supposed. Witness 
the history of the phlogiston theory, con- 
firmed by thousands of experiments and 
everywhere accepted until Lavoisier dem- 
onstrated its falsity and founded modern 
chemistry. 

The extent to which mathematical cos- 
mologists now go is illustrated by Dr. 
George Gamow’s assertion that space is 
not only limited but even changes shape 
with time, assuming convex, negative, and 
concave curvatures in a regular order.' The 
common sense questions of what, above 
suggested, are simply ignored. There is also 
the expanding universe theory, now widely 
accepted despite its reliance on the logical 
fallacy of affirming the consequent in a 
hypothetical syllogism (i.e., a non-sequitur 
which only may be true, not being at all 
necessarily so). Hubble, the discoverer of 
the “Doppler effect” taken as indicative 
of dispersion, recognized that other factors 
might operate to produce it, but not all 
cosmologists are so conservatively cautious. 

The foregoing should not have a contempt 
for mathematics read into it. It is merely 
to assert that mathematics, while a powerful, 
an almost indispensable tool, is nevertheless 
only a tool and so, by itself, not enough. 
Its logically arrived at conclusions must, 
whenever possible, be checked against 


empirical observation or controlled experi- 
1 Sci. Amer. 190(3) : 55. Mar. 1954. 
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ment. Should that not be possible, t! en the 
logic of the theory must suffice as t!ie best 
we can do. 

The first and second laws of the mody- 
namics as formulated by Clausius are 
examples of this, for we do not know—we 
cannot know—from experience that the 
total energy of the cosmos actually is con. 
stant, or that the entropy of the universe 
actually tends to a maximum. But the 
extrapolation of a future state from a present 
state is impossible without a governing 
constant, which makes the aforesaid laws 
logical necessities. Until proved factually 
erroneous, they will stand because of their 
scientific usefulness, a major consideration. 

If. however, the cosmos is actually sub- 
ject to the second law of thermodynamics; 
and if it is therefore running down like a 
clock which cannot be wound up, then it is 
logically false to associate eternality and 
divinity, and what all of the world’s great 
religions are agreed upon despite conflicting 
differences must be abandoned. For it is 
hardly conceivable that divinity can survive 
the loss of its most distinctive characteristic: 
infinity in space and time. 

Enters now a concept of which no scientifie 
notice is taken but which nevertheless 
merits grave consideration because of its 
pertinence and apparent validity as a 
universal law. This is the artistic canon of 
Number, which first came to the present 
author’s attention in a book on architecture 
as one of three great canons in the grammar 
of design, the two others being the canons 
of Punctuation and Inflection.? 

Number, says Edwards, is of three 
categories: Unity, Duality, and Plurality. 
Of these three, the first and third are artisti- 
cally correct and acceptable, but the second 
(Duality) is artistically abhorrent and not 
permissible. It never (he says) occurs un- 
resolved in nature. 

Edwards defines duality as the juxta- 
position of two equals. It causes the two to 
compete for supremacy, each over the other, 
with almost literally painful effect upon the 
eye of the beholder, whose mind demands 
that the duality be resolved, for duality is of 


2 Epwarps, A. Trrstan. The things which are 
seen: A revaluation of the visual arts. London, 1921. 
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the very essence of discord, just as a second 
js in music. 

It is the canon of Number, Edwards 
explains, which causes architects always to 
to support a Creek pediment with an even 
—never an odd—number of pillars. For an 
odd number would, for the sake of balance, 
bring a central pillar directly beneath the 
apex of the pediment and indicate a median 
line bisecting the whole into two laterally 
inverted but equal parts, producing true 
duality. The artistic effect would be ex- 
eruciating, especially if (as in some church- 
building fronts) there were a median-line- 
continuing steeple surmounting the whole. 

Although two’s occur abundantly in 
nature, there is always a duality-resolving 
inflection if there is juxtaposition of the 
units. Each unit then becomes half of a pair, 
requiring the other to make a unitary whole, 
as with our hands, our feet, our eyes. Ed- 
wards gives many other examples. The 
skyline of a land- or seascape should never 
be exactly half way between the top and 
bottom of the picture, nor should the 
ribbon on a man’s straw sailor hat be just 
half as wide as the height of the crown. If a 
rectangular room is twice as long as it is 
wide, people assembling in it in considerable 
number will instinctively form two groups, 
one in each half, as if an invisible wall 
separated them. That invisible wall is the 
artistic canon of Number, which all sense 
though they never so much as heard of it. 

There seems no limit to the range of 
power of this canon of design. In the present 
author’s opinion, it forced a triune God 
upon Christianity. For when, in A.D. 325, 
the Council of Nicea, by majority vote, 
made the Son coequal with the Father, it 
unwittingly violated that canon by bringing 
two equals into juxtaposition. Immediately 
the question arose: Which of the two is 
really God? So great a furore of debate 
ensued that it soon became evident that 
something had to be done to stop it. Ac- 
cordingly, in A.D. 381, the Council of 
Constantinople was convened. If the re- 
ligion was to remain Christian, no retreat to 
Unity (the One God of rejected Arianism) 
was possible. Only one way, therefore, lay 
open, and that was to resolve the duality by 
changing it to plurality. This was accom- 
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plished by the introduction of the Holy 
Spirit. The plurality of the Trinity resulted, 
and Plurality is itself a kind of Unity, the 
unity of a group, which made preservation 
of the unity of the God-head possible. But 
it is because the Holy Spirit is part of the 
Trinity for artistic and not for theological 
reasons that it is so difficult to explain and 
to understand on theological grounds. On 
the basis of the canon of Number, however, 
it is easily explained and understood. 

This example is introduced here solely 
for the purpose of illustrating the univer- 
sality and compelling power of the great 
canon of Number. Its rule can be seen to 
extend even to spiritual matters, to the 
immortal, the divine. 

When Emerson, in his essay on Com- 
pensation, wrote: “An inevitable dualism 
bisects nature, so that each thing is a half, 
and suggests another thing to make it whole; 
as, spirit, matter; man, woman; odd, even; 
subjective, objective; in, out; upper, under; 
motion, rest; yea, nay,” he substituted in 
that sentence (and for the worse) the word, 
dualism, for the word, polarity, with which 
the paragraph begins. For what he referred 
to is not dualism in the sense of duality as 
defined by Edwards. As the term, polarity, 
implies, it is, rather, complementarity. For 
as Emerson says, “each thing is a half, and 
suggests another thing to make it whole.” 

Dualism, in Emerson’s sense, is an ancient 
truth. It was central to the religious doctrine 
taught by Zoroaster (6th century, B. C.) 
and still held by the Guebers and Parsees. 
It recognized two creative Powers: Ormuzd 
or Ahuramazda, the god of light and creator 
of all that is good; and Ahriman or Angra- 
mainyus, the god of darkness and creator of 
evil. That every rose has its thorn is a by- 
word of long standing. 

Something very much like dualism as 
complementarity has sound scientific stand- 
ing. Thus, it is recognized that if there are 
statistical laws, then there must also be non- 
statistical laws in‘over-all universal law. In 
the course of a discussion of probability in 
quantum mechanics, Filmer 8. C. Northrop 
says: ‘“‘...a general rule concerning the 
universality of statistical laws in nature can 
be stated. This rule is that if there are 
certain laws in science which are statistical 














then there must also be laws in that science 
which are not statistical. Otherwise the 
concept of theoretical probability essential 
to the meaning of the statistical law in 
question cannot be defined.’’* Planck has 
written to the same effect. And essentially 
the same principle of complementarity 
underlies Aristotle’s concept of positive 
forms and forms by privation as reciprocals, 
the former having factual existence, the 
latter—implied by the former—only poten- 
tial existence. ‘‘Cold,”’ says Emerson, ‘“‘is the 
privation of heat.” But there are regions 
where cold becomes positive, and tempera- 
tures at which that disorder of energy which 
is heat, is stilled. 

The concept of complementarity leads to 
an interesting assumption. It is that if cos- 
mic energy is constantly being dissipated, 
then there must be some way in which it is 
just as constantly being accumulated or 
regenerated. But if so, what becomes of the 
second law of thermodynamics? It would be 
reduced to, at best, a half-truth. 

A corollary assumption is that this 
assumed restoration of energy to effective- 
ness must be through the operation of a 
process. And that would imply something 
more than the negative entropy (or ‘“negen- 
tropy”) whose mathematical formula is 
given by Erwin Schrédinger in section 60 
of his little book What is life? 

This brings us to a consequential ques- 
tion: Is there anywhere in nature an ob- 
servable process appearing to operate in the 
direction of the accumulation and restora- 
tion of energy? 

To this question an affirmative answer 
can—it is believed—be given with con- 
siderable assurance. This process was out- 
lined in a paper by the present author 
published in this JourNaAuL for October 1953 
(vol. 43, no. 10), under the title “Speculation 
on the Cosmic Function of Life.” It was 
further developed in a second paper in the 
same JouRNAL for October 1954 (vol. 44, 
no. 10), entitled ‘Integration and Indi- 
viduation as Elements of Evolution.” 
Both dealt with what was called the Pyra- 
mid of Life Concept.‘ 

3’ Norturop, The logic of the sciences and the 
humanities. New York, 1947. Fifth (1952) printing, 


p. 216. 
* There are suggestions of a growing tendency 
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The purpose of those two papers wvas to 
indicate that life—by no means limited to 
this planet—actually does accumulate, 
transmute, concentrate, and refine energy, 
and does it systematically throug! bio 
logical evolution. By its pyramid-building 
process, mechanical, chemical, thermo 
dynamic, and electromagnetic energy are— 
in the level of national social organisms— 
brought to such a state of refinement that 
electromagnetic energy overwhelmingly pre- 
dominates, forming that body of. thought. 
produced, ideological ‘‘margins of vitality” 
which are the glory of civilization. Theoret- 
ically, national social organisms carry the 
process over into the pyramid’s psychozoic 
realm of reality. On the basis of age-long 
established precedent in its physical organis- 
mal realm (which is composed of three 
successively superimposed levels), two addi- 
tional levels in the psychozoic realm are to 
be expected. They can, indeed, be seen in 
process of slow formation now, in current 
history. 

Here we may pause to note a fundamental 
difference between emergence as defined by 
William Morton Wheeler (this JournaL 
43: 10) as it operates in the inanimate 
world and in the animate. In the former, 
emergents result from the specific interaction 
of unlikes, as atomic physics has found and 
as every chemical compound formula pro- 
claims (e.g., HSO,). But in animate nature, 
emergents result from the specific interaction 
or organization of likes only. (All the cells of 
every multicellular physical organism are 
direct descendants of the original single 
fertilized ovum.) In this fundamental differ- 
ence lies the root cause of that minority 
group antipathy (often miscalled prejudice, 
bigotry, or whatnot) from which all nations 
(not America alone) unhappily suffer. It is 
old as the hills. Moses, the great Lawgiver 
of the Hebrews, knew and feared it. Con- 
trast the commandment Thou Shalt Not 
Kill, with the deeds recounted in Deuteron- 
omy 2, and find their reason in Numbers 33, 
verse 55: “But if ye will not drive out the 





to give thought to life as a cosmic phenomenon, 
as (negative) in Harold Blum’s Time’s arrow and 
evolution, and (positive) George Wald’s article, 
“The Origin of Life,” in Scientific American for 
August 1954. 
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inhabitants of the land from before you; 
then it shall come to pass, that those which 
ye let remain of them shall be pricks in your 


eyes, and thorns in your sides, and shall vex . 


you in the land wherein ye dwell.” For 
those who remained would constitute a 
minority group, which spells trouble always. 
And it is significant that minority group 
antipathy is not basically a matter of 
superiority and inferiority. Always it is the 
conflict of difference, of unlikes in standard 
of living, or religion, or manners and cus- 
toms, or race, or whatnot. It arises when, 
and only when, there is (1) a marked differ- 
ence, and (2) numerical representation of 
that difference large enough to be con- 
spicuous. One swallow does not make a 
summer, nor does difference-representation 
by only a few arouse antipathy. Its root 
cause is violation of the like-with-like rule 
fundamental throughout animate nature 
and operative at the human societal level in 
family, clan, phratry, tribe, and nation, the 
antithesis of the rule fundamental to inani- 
mate nature. It is an antithesis having pro- 
found implications bearing on the refining, 
regenerative process working for the per- 
petuation of the cosmic unitary principle. 

In his two masterly works, The meeting of 
East and West and The taming of the nations, 
Dr. Filmer S. C. Northrop, Sterling Profes- 
sor of Law and Philosophy at Yale, has 
shown that the greatest humanitarian 
problem facing mankind today is_ the 
reconciliation of the indigenous Asian 
(Fer Eastern), nontheological religions 
(Buddhism, Taoism, Confucianism, and 
the purer Hinduism) with the theological 
religions prevalent in the Near East and the 
West (Judaism, Christianity, and Moham- 
medanism). While the difficulties standing 
in the way of such a consummation are 
appalling, there is an element of hope in the 
fact which Northrop so clearly shows: that 
both categories of religion seek, by different 
ways, to show man how to relate himself to 
the timeless and the therefore divine. The 
difference is that the nontheological religions 
concentrate on what Northrop aptly calls 
the aesthetic component of things and our 
knowledge of them—that apprehension of 
nature which is conveyed directly by the 
senses; whereas the theological religions 
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concentrate mainly on the theoretic com- 
ponent thereof, which cannot be known by 
direct perception. The two categories are 
opposed, therefore, in the doctrinal develop- 
ment by each of but one of the two compo- 
nents of the same thing: nature. Yet those 
two components are complementary aspects 
of the whole, and he who sees but one sees 
not the whole. To neglect the one is to 
exaggerate the other, with unhappy effect.’ 

While Northrop has presented the problem 
with beautiful clarity and logic, backed by 
an astounding fund of thoroughly and fruit- 
fully analyzed information, he does not offer 
any unifying concept as a solvent. In this 
respect, but in it only, his work is deficient. 
(It does not, however, diminish the value of 
that work, nor lay it open to censure.) He 
brings the problem into clarifying focus, 
but does not tell us how to solve it—by 
what means. 

He does, however, make it clear that a 
new set of basic assumptions is required, 
in the discovery and formulation of which 
both imagination and speculation can play 
legitimate, even necessary, roles.® 

As has been intimated in the two JouRNAL 
papers hereinbefore mentioned, it is the 
firm belief of the present author that the 
Pyramid of Life Concept, if developed and 
elaborated as it can be, could furnish all 
that is needed to (1) place the social sciences 
and the humanities on a firmer foundation 
(for they have a schematic part in it, and in 
the complementarity of the integrative and 
individuative principles practical ethics 
and morals are rooted as derivatives); (2) to 
thus help raise those disciplines to a parity 
of authority with the physical sciences (for 
on its showing no mechanical universe 
could endure without life’s rejuvenating 
action); and (3) to show explicitly how 
that great humanitarian problem could be 
solved (by a general adoption of the Con- 
cept as the closing nexus of an improved, 
more adequate basic understanding). That 
belief—that conviction—is the remoter, 
deeper-lying justification for the presenta- 
tion of these papers. They attempt to tell 


5 It is interesting and encouraging that Pro- 
fessor Northrop’s major works have required re- 
peated ome to meet the demand for them. 

6 Northrop. Op. cit. supra. Pp. 321, 124, 347. 














what has been seen, and tell it “in a plain 
way.” 

The Pyramid of Life Concept challenges 
the truth of: all those mathematical cos- 
mologies which, by limiting spacé and time, 
would make irrational man’s age-old asso- 
ciation of eternality: and infinity with the 
divine. On the basis of that Concept, life 
does have meaning and cannot logically be 
neglected; eternality and infinity are ra- 
tional conceptual attributes of the divine; 
and assurance of validity comes whence it 
should: the broad field of Biology. For it is 
forces amassed, made inherent in, and 
systematically restored to power by life 
through the pyramid-building process that 
give movement to—that animate—the uni- 
verse as an indeterminate continuum and 
ensure its perpetuity. The cyclic character 
of the evolution of its distinguishable, 
determinate parts, together with the ap- 
parently direct relationship of those three 
great mysteries, magnetism, electricity, and 
mind, lends support to such a conclusion. 

The present author dares hope that if and 
when the scientific, philosophical, and even 
religious usefulness of the Pyramid of Life 
Concept is seen, the way may be opened to 
its general acceptance. For it offers a new 


MATHEMATICS.—A pplication of two methods of numerical analijsis to the com- 
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concept of history, superior in every \ ay to 
the Hegelian concept out of whicli grew 
two world wars and on which Kar! Mary 


drew heavily for the dialectic mate) ialism 
theory underlying his communistic doc ‘rines, 
Emphasizing as it does the coope:ative, 
organizing principle, especially in interna- 
tional affairs; stressing the irreversible 
evolutionary priority of importance of 
individual man rather than the State, be- 
cause of his sustenance-supplier status in 
relation thereto; finding in free intellectual 
inquiry the necessary basis for the ‘‘max- 
imization of human potentialities’ for the 
enrichment of that mental sustenance by 
which peoples and their nations live through 
their social institutions; and requiring of 
evolution only that it continue to operate 
just as it has for untold ages—it can fortify 
the democratic doctrine with a theoretic, 
philosophical justification such as it never 
had before and of which it stands in dire 
need today. 

It is a justification which can be published 
to the world with no fear whatever of evil 
consequences to follow, but, on the con- 
trary, with the utmost confidence in its 
beneficial effects. 


putation of the reflected radiation of a point source.! PeTeER Henrict, American 
University, Washington, D. C. (Communicated by John Todd.) 


Let a monochromatic source of light of 
intensity J be fixed at the point (0, 0, h) 
of a (zx, y, z)-space and let the horizontal 
plane z = 0 reflect independently from the 
angle of view a constant fraction yw of the 
incident radiation. Let a small horizontal 
plane p be located at the point (x, y, z). Then 
the illumination per unit area of p due to 
reflection at the plane z = 0 is uJ (h, r, z), 
where r = (2° + y’)"” and? 


2 oe 
&(h, r,z) = ~. [ dp 


Ww -0 





2r 
: | pS a ee 
0 (hk? +97 + p? — 2rpcos ¢)**(p? + 2°)? 
1 This paper was prepared under a National 
Bureau of Standards contract with American 
University. 
2 See [6], p. 1 + 3. 





Introducing the dimensionless quantities 


r 


Zz 
et oe 


we can express this function in terms of one 
of two variables by putting 


&(h, r, 2) = 5 w(é, n) 
and 


2 eo 
W(é,n) = < di 
% (1) 
| PONENE RON ae ve 
0 (l+2+ 0 — 2tcosy)**( + 7°)?” 
In order to get some information about the 
quantitative behavior of ¥(é, 7), this fune- 
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tion was tabulated for the two sets of values 


& = .05(.05)1.6 

n = .05(.05)1.6 
and 

& = .25(.25)8.0 

n = .25(.25)8.0 


In this paper we describe some of the pre- 
liminary analytical work necessary for this 
computation.” In §1 we reduce the integral 
(1) to a finite simple integral involving the 
hypergeometric function. The computation 
of this function, including an application of 
Aitken’s &-method to speed up the con- 
vergence of its power series, is discussed in 
§2. In §3 we give a rigorous discussion of the 
error committed by evaluating the simple 
integral numerically. This part of our work 
is based on a method proposed recently by 
P. Davis and P. Rabinowitz [3, 4]. 

A major part of the subsequent analysis 
can be extended to the case where the 
orientation of the plane element p is arbi- 
trary. We do not, however, discuss these 
generalisations in the present paper. 

1. TRANSFORMATION OF THE INTEGRAL (1). 

1.1 Reduction to a simple integral. 

Our first aim is to reduce the double inte- 
gral (1) to a simple integral by carrying out 
the integration with respect to g. This can be 
done with the aid of hypergeometric func- 
tions. Although these functions are not ele- 
mentary, they can be computed numerically 
to any desired accuracy, as will be shown 
in §2. 

By an elementary trigonometric identity 
we have 


l+¢+4+ 0 — 2étcos¢ 


=1+(t+ 2% —4& (cos $) 


We expand the integrand in terms of 


powers of 


X (cos ‘), where X = t+ an p? 


and observe that |X| < 1 for all finite values 


— 


*The numerical results have been computed 
on SEAC and are on file at the Computation Lab- 
oratory. 
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of ¢ and €. Integrating term by term, we ob- 
tain 


,25 


| (I++ — 2t cos ¢)” de 
“0 


HI 


21 + (t+ ey" 


> (3/2)n Sy P cos” ¢ do 


n= n! 0 





Qn[l + (¢ + &)) °° F(3, $51;X), (2) 


where 


Fan» (3) 


F(a, b; ¢;2z) = 2 oe. n! 


is the hypergeometric function. Hence 
WEE) = 2h} Gh + 


‘(1+ + Oy °F, $1; X)tdt (4) 


This integral can be simplified further by 
using the transformation theory of the 


hypergeometric functions. Applying the 
formula® 

—b 
F(a, b; 2a; z) = (1 = ;) 


,(b b+1. ey Le S) : 
F(5, = tha +4(525)) 


to the hypergeometric function in (4) and 
introducing the new variable° 


z= (1+), 
(4) becomes 
so 
WE, n) = Vite 
r | (1 + 2°) "In + (1 + )2*)* 
X F(3, $51; Z)zdz, (5) 
where now 
P.. iain, Se 
1+2(1+ 2)?” 


(a +n — 1), 


Z = Z(z) = (6) 


4 (a)o = 1, (€)n = a(a + 1) --- 


= 1,2, -:- 

5 Erdélyi [5], eq. 2.11(28). 

6 This will not be confounded with the geo- 
metrical coordinate z used in the introduction. 


n 
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In order to avoid the numerically undesirable 
improper integration, we put, denoting the 
integrand in (5) by f(z), 


[ " fls)@s = | [1 +3/ (4) dz 


Since in view of (6) 


Ze) = Z (?), 
Zz 


the hypergeometric function in (5) has the 
same value for z and 1/z, and we can there- 
fore write 


vi 1 s e 
2 L gi(z)igelz) + gs(z)|F(Z) dz, 


(En) = 


(7) 


where we have put for brevity 
q(z) = 21 +2) *” 
[+ (1 + S27” 
ga(z) = [we + 1 + ey *2 
F(Z) = F(3, 4; 1; 2). 
1.2 Special cases. 


1.21 & = 0. By direct integration e.g. of 
(4) one finds 


atop +1- ct 
Gar tl ve 


anki ah, 0<7n< 1 


(8a) 
(8b) 
(8c) 

(9) 


g2(z) = 


¥(0,n)=4%, 2=1 


Oe ee Pees at 
(F — 1)7\ Vi 

+ an +/_? — i, l<n<~ 
It is easily seen that in spite of the apparent 


singularity ¥(0, ») is a regular function of 
n at » = 1, the Taylor expansion being 


(1 — 7)” 
6 as +2)? —1' 


1.22 n = 0. For n = 0, W(é, 7) is not de- 
fined. Writing in (4) 





V(0, ) = 


ACADEMY OF SCIENCES 


es ae 


and applying to each integral the second 
mean value theorem, it can however be showy 
that 
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lim W(E, 1) = (1 + &)** 


2. COMPUTATION OF THE HYPERGEOMETRIC 
FUNCTION. 

2.1 Estimation of the error due to trunea- 
tion of the hypergeometric series. 

Since for all values of z and all finite 
values of &, 0 < Z(z) < 1, the hyperges 
metric series in (7) can be computed to any 
degree of accuracy from its power series, 
Putting 

F(3, $31 


y= Lnz, Co 


we have 


yo = 1, 


) Yn-1; 


1 
fe (1 ~ 16n 


and hence 


n 


II 


m=1 


7“ 2 


On the other hand, 


= (1 - ids) 


Denoting by 


™ 2 Ym Zz” 
m=0 
the n-th partial sum of (10) and putting 
s = lim s, , we have thus for the remainder 
8 — 8, of the series the following estimates 
from above and from below (valid under the 
assumption 0 S Z < 1): 
+1 
A mt (11) 


8S — 8p 








econd 
hown 


cTRIC 
unca- 
finite 
rgeo- 


) any 
aries, 


(10) 


ing 





der 


tes 
the 


11) 
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3-8 = 





_ 2/2 get 
ge 1—Z 


9.2 Aitken’s &'-method. 

The sequence s, defined above has the 
property that, using the symbol A for the 
forward differenc es, 





(12) 


(13) 





En, 
egy _s + 


where ¢ is a constant and ¢, ~Oasn— o,. 
The convergence of sequences of this type 
can be sped up by a process which is known 
as Aitken’s 6-method and which has been 
studied by various authors [1, 2, 7, 8]. This 
process consists in transforming the original 
sequence s, into a new sequence §, accord- 
ing to the rule 


(As,_ 4) 


’ (n = 2,3, -- 
A?S8n—2 


-) (14a) 


5, = 8, — 


which may be written alternatively as 


o As,-1 ASp-2 


8, = Sn-1 A's, (14b) 
= 8,2 — (Asn—2) (14¢) 
A*Sn—2 


The following facts are known: 

(i) If g + 1, the sequence §, is ultimately 
defined ; 

(ii) If |qg| < 1, the sequence §, has the 
same limit as the original sequence; 

(iii) If 0 < |q| < 1, the sequence §, 
converges faster than s, in the sense that’ 


(15) 





We also will have to make use of the follow- 
ing simple quantitative properties of the 
transformation: 

(iv) If 3, and 3,4, are defined, then 


i i Ae, 
“ (-q-a)l—-—q-€é 

*A8,-1. (16) 
‘See Lubkin [7], p. 233, where, however, the 


quite unnecessary assumption is made that €, de- 
pends analytically on the variable z = 1/n. 


n+1) 
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(v) From (16) it follows easily that if 


tn = Max | Ae | 
man 

5, = Max | én |, 
man 


and if 0 < q < 1 — 6,, then 
|s — &, | 


Nn 

x =a —q-4,)(1 ~eodad’ 

(vi) Further refinements may be possible 
by making use of special properties of the 
correction terms ¢,. For instance if, as in 
the presert case, ¢, < 0, if the sequences 
€m and Ae, are monotonic from m = n on 
and if 0 < q < 1 + &,, we can replace 
(17) by 


= Sy—1 |. (17) 





Aé, 
sSs- <s 
0ss-%S8 ae a 
2.3 Application to the summation of the 
hypergeometric series. 
In the present case 


(s — 8-1). (18) 


q = Z, 


and thus 


ag Seg S 

16 n?(n + 1)? ~ 8n3 
Equation (18) thus yields together with (11) 
the estimate 


n+l 
Oss-—8 z 


& 3 snl — Z)* (19) 


It follows that for a given number of terms 
the 6-method reduces the truncation error 
by a factor 


8 — &, T 1 


= 29/2 8nX(1 — Z)’ 


which for Z = 0.5, n = 10 is approximately 
Ysoo: The gain in accuracy can thus be 
considerable. In practice, however, not the 
number of terms, but the accuracy is given, 
and the question arises how many terms of 
the series can be saved when a given ac- 
curacy has to be obtained. We shall next 
discuss several aspects of this question. 





8S — Sr 








2.31 Asymptotic savings in the number of 


terms. 

We first compute for a given n a lower 
bound for the number m of terms necessary 
to obtain with s,, the same accuracy as with 
§, . Putting m = n + k, we have for k the 
condition 


$ — Snxrk SS — 5,, 
or, using (12) and (19), 


20/2 ‘gees 
r 1-Z 


ge 
8n3(1 — Z)3’ 





which yields 


log 8V?2 + 2 togi(1 —Z)+3logn 


mee Pea ihe (20) 
- —log Z 

This is for fixed Z and n large~ C log n, 

where the constant C = —3/log Z can be- 


come arbitrarily large if Z is close to 1. 

2.32 Savings for a given accuracy. 

Upper bounds fi (Z, ¢) for the number of 
terms n necessary to attain with §, a given 
accuracy € can be computed from (19) by 
trial and error methods. In the following 
table we give these values # for several 
typical values of Z and for an accuracy of 
10-*. They are contrasted with the lower 
bounds m, computed from (12), for the 


number of terms necessary when the 
speed-up is not used. 

Z n m 

a 5 7 

5 15 27 

9 92 196 

.99 953 2279 


2.33 Ratio of practical convergence. 

The situation that the number of terms of 
an infinite series necessary for a given ac- 
curacy is either not known a priori or can 
only be determined by the solution of a 
transcendental equation arises frequently in 
practice. In such cases one usually proceeds 
with the summation until one or several 
terms of the series become smaller than a 
preassigned quantity, and the last partial 
sum is then taken to be the sum of the 
series. This “practical convergence” of the 
series has obviously nothing to do with 
mathematical convergence, unless some re- 
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lationship between the first neglecte:| term 
and the remainder of the series is estai lished, 
To this end we define as ratio of piactical 
convergence (r.p.c.) for any series D.\s, the 
quantity 

8 — 8 

As, 

For series of type (13) we find under the 
assumptions of (vi) §2.2, 


and it follows from (16) and (18) that under 
the same assumptions 


OS SP; 





Pn = (21) 


where p, is the r.p.c. of the transformed 
series. The r.p.c. is thus not affected ad- 
versely by the 5-method. For our present 
problem it results that a uniform accuracy ¢ 
in the hypergeometric function is obtained 
if the summation is extended until 


AS, S e(1 — Z). 


2.34 Savings in computation time. 

In general, the time needed for the com- 
putation of §, will be negligible in compari- 
son with the time needed for the computa- 
tion of the original sequence s,. In a case 
like the present one, however, where the 
computation of s, itself is very simple, the 
question can be raised if it pays to apply 
the 5°-method. In order to make it pay, it 
was decided here to compute §, not for 
every n but only for a set of equidistant 
valuesn = kN,N > 1,k = 1,2, --- . Thus, 
if N is large enough® the additional time 
used for the computation of %, becomes 
negligible in comparison with the time con- 
sumed for the computation of s, , and the 
savings in computation time are of the same 
order as the savings in the number of terms. 
If the assumptions of (vi), §2.2 are satisfied, 
then As, > 0, As, — 0 monotonically, and 
we obtain for the r.p.c. of the sequence 5; = 
Sy. the estimate 


’ N = 8 was found convenient in the present 
case. 
® An alternate proceduré would be to apply the 
6?-method to the sequence t = s,y. For this and 
various other practical aspects of the 4*-method 
see [9]. 
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For the present case it results that a uniform 
accuracy € is guaranteed if the summation 
is carried out until 


Ne(l send Z) 
otal 2 2 | i 

3. ESTIMATION OF THE QUADRATURE ERROR. 

3.1 Description of the method. 

On the basis of the discussions of the last 
section the integrand in (7) may be con- 
sidered as known for numerical purposes. It 
remains to estimate the error induced by 
carrying out the simple integration (7) 
numerically. Since the integrand is an 
analytic function of z on the path of inte- 
gration, this can be done by a method which 
has been devised recently by P. Davis and 
P. Rabinowitz and which can be summarized 
as follows: 

Suppose the function f(z) (2 = x + ty) is 
regular analytic in a domain D containing 
the segment [—1, 1] of the real axis, and 
denote by &, the ellipse with foci at +1 and 
semiaxes a and b = (a’ — 1)'/? such that 
(a+ b)’ = p. If now the integral 


[1 dz 


is evaluated numerically by a given integra- 
tion rule R (e.g. by the trapezoidal rule, by 
Weddle’s rule, or by a Gaussian n-point 
rule), then the quadrature error is bounded 
by the quantity 


Min ‘le o(p) 
(el oeD) IF lle, exo), 


(24) 
where 


lla = ff, se) Par ay (25) 


and op(p) is a numerical coefficient depend- 
ing only on the integration rule and on p, 
but not on the particular function f. The 
values of o have been tabulated for various 


It follows that Py S Pasi) if Darn = 
N/(N — 1). 
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values of p and various integration rules 
in [4]. 

If this method is applied in practice, the 
quantity ||f||g,, which is hard to obtain 
exactly, will usually have to be replaced by 
a suitable upper bound, such as 


VrabM eg, , (26) 


where Mg, is an upper bound of | f(z) | in 
&  . Moreover, instead of taking the mini- 
mum of (24) with respect to the continuous 
variable p, one will in general have to be 
satisfied with the minimum for a few dis- 
tinct values of p. It will be seen that in 
complicated cases such as the present one 
still further simplifications have to be made 
in order to get a working estimate. 

3.2 The singularities of the integrand. 

In order to determine the ellipses &, at our 
disposal, we first have to locate the singu- 
larities of the integrand in (7). Singularities 
arise 

(a) from g;(z) at the points 


21,2 = +1; 
(b) from g2(z) at the points 


n 


3,4 V1 + re 
(c) from g;(z) at the points 
2.6 = +7 Vi+? = 2 : 
n 24,3 


(d) from the hypergeometric function, 
which is singular at Z = 1, at the points z 
satisfying 


fie PTR Se = 
(1 + 2°)? 
i.e., at 
+é +7 
278,910 = —=————| _,» 
V1+? 
where all four combinations of signs are 
possible. 


The ellipse &, , which encloses the path of 
integration, has in the present case its foci 
at z = 0 and z = 1. It is clear that if there 
are singularities near the path of integration, 
the choice of available ellipses &, is re- 
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stricted and, since the coefficients o are 
comparatively large for very slender el- 
lipses, the integration will be less accurate. 
In our problem this will happen when ¢ is 
large, in particular when simultaneously 7 
is small, because then the points 23,4 and two 
of the points z;, ... 19 are near to the points 
z = Oandz = 1 respectively. 

3.3 The rectangle R,. 

In view of the complexity of our integrand 
the task of obtaining Mg, for a given &, 
exactly is a difficult one. A particular com- 
plication arises from the fact that a working 
estimate for the function F defined by (9) 
is available only for | Z| < 1. In this case 
we find, using results of 2.1, 


| FG, $51;2)| $1/(l—- Z) (27) 


In order to overcome these two difficulties, 
we again forego some accuracy and consider 
in place of the ellipse & the smallest 
rectangle with sides parallel to the axes con- 
taining it. If a and b are the major and the 
minor semiaxes of §,, the corners of this 
rectangle R, are situated at 4 + a + ib. 
An upper bound for the modulus of the 
integrand in R, will clearly also be an upper 
bound in &,. The rectangle R,, then, must 
have the following two properties: 

(a) None of the singularities z; must lie 
in R,; 

(b)| Z| <1inR,. 
Condition (a) is easy to check and yields the 
inequality 


b < min 6,, (28) 


i=1,2,3 
where 


: eR od 


MO ite’ ”" 
- 1 
Tite 
If this is satisfied, then we have for the 
functions g;(z) (¢ = 1, 2,3) the upper bounds 
lm| Sn 

= (4 +a) + b}'701 — by *? (29;) 
1 g2| SG 


=([f —(1+ Poy? (29) 
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| Ys | S 9s 
= [46 +a) + 0) [1 + P— Wb}. (29) 


Condition (b) requires some closer jp. 
vestigation. It is certainly satisfied for g 
sufficiently flat ellipse, since for < real 
| Z| < 1. The condition will thus result jn 
another upper bound for b, namely, 


bs = sup fy | | Z(z) | < 1}, 
$-aszt 


Since 


rae. 
1 + & | 3(z + 1/2) 





| Z(z) | = 


the problem of determining b, is equivalent 
to that of finding for a given value of 


e 


ee CE 


the largest value y = y, with the property 
that the function 


h(x, y) = | 4@ + 1/2)? 
satisfied the inequality 
h(x, y) <p 
for|z — 4 | S a,|y| S yp. Then 


bs = yp. (30) 


It is easy to see that the function 


h(y) = min A(z,y) 
lz—-tls 
is fora > 4% independent of a and is repre- 
sented analytically by 


1+ Vi — 4y 
9 


— 


forO0 Sy (31) 


S VV5-2= 488 ---, 


This is evidently a continuous, strictly 
monotonically decreasing function of y in 
[0, 1] with h(O) = 1, h(1) = O. The function 
y = Yp is the inverse of the function p = 
h(y) and hence given by 





Inar 
metric 


where 
Finall 
will be 
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[V1 + 2p — 2v/p — pr, 
ere: So. 


= 619 --- (a5 


Ina rectangle Rp with b < 6, the hypergeo- 
metric fuaction is thus by (27) bounded by 


F = 1/(1 — p/h(b)), (33) 


where A(b) is given by (31) with b = y. 
Finally, the norm || f||g, of the integrand 
will be bounded by 


IF || =V 2ab gr. + 9)F. 


3.4 Numerical results. 

The material is now at hand to compute 
upper bounds for the quadrature error for 
given values of — and » and for any rule 
for which the coefficients o are tabulated. 
The practical computation proceeds as fol- 
lows: First the upper bounds 6; for the minor 
semiaxis of the ellipse have to be ascertained 
according to (28) and (30). Then an ellipse 
has to be selected which meets the geo- 
metrical conditions and for which er(p) is 
known. Experience shows that this ellipse 
should be chosen rather large, since with 
increasing p,or(p) seems to decrease much 
more rapidly than the norm increases. For 
this ellipse the norm || f || has to be com- 
puted by (34). An upper bound for the error 
induced by the rule R is then given by 
\f \| or(p). 

The following is a table of error bounds 
for the function ¥(, 7) (including the factor 
in front of the integral sign in (7)) for a few 
representative values of ~ and 7, if Gauss’s 
16-point rule is applied. 


(34) 


g 
2 1 5 





2.48(—2) 
4.78(—5) 


.37(—14) 
.24(—5) 


1.40(—10) 
6.46(—5) 
(a) = 10° 


Concerning this table, two remarks are in 
order. 

1. If the above error bounds are computed 
for small values of n, it turns out that only 
exceedingly flat ellipses &, are available, for 
Which the values of o are either bad or are 
not tabulated at all. This is an indication 


that in these cases the simple application of 
even a high-powered integration rule is in- 
adequate and that the interval has to be 
subdivided. If this is done, the above method 
is still explicitly applicable to each subinter- 
val, although, of course, the computations 
become more and more involved. 

2. It is likely that in view of the numerous 
simplifications made the above error esti- 
mates are much too large. We base this 
remark on the two following empirical facts: 
(a) The results of the computations of (7) 
by one and by two Gaussian 16-point rules, 
carrying eight digits after the decimal point, 
agreed completely for — = 0(.05)1.6, » = 
.3(.05)1.6; (b) The value ¥(0, 1) = 4 (see 
§1.2) was obtained exactly. Nevertheless it 
will be observed that at least for moderate 
values of ~ and 7 the estimates are still very 
practical. To establish bounds of the same 
quality by conventional real-variable tech- 
niques is probably not easy. 
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Wexter, U.S. Weather Bureau. 


Improved predictions of the large-scale 
westerly flow pattern for 24-48 hours on 
a routine basis will soon be available. A 
denser network of radiosonde stations, a 
better understanding of the dynamics of 
atmospheric flow, and availability of fast, 
large capacity computers have combined to 
make possible for the first time a useful 
mathematical prediction of the future 
positions and intensities of the major 
troughs, ridges, and cyclonic and anti- 
cyclonic eddies in the midlatitude flow 
pattern. - 

There remains the problem of predicting 
the weather pattern from the predicted 
flow patterns. Since an important part of 
what we mean by “weather” is cloudiness 
and precipitation, which are dependent on 
vertical velocities and water vapor, it is 
necessary to know the field of vertical 
motions. This has already been done in 
several cases treated dynamically, the 
vertical velocities being expressed as average 
horizontal values over 200-mile squares 
(which is the basic data mesh used) and over 
several hundred millibars in the vertical. The 
results of these calculations (e.g., for the 
November 5-6, 1953, storm on the east 
coast of the United States) show good agree- 
ment with precipitation amounts averaged 
over large areas, but not with individual 
amounts (/). In other words, the large-scale 
westerly flow pattern leads to large-scale 
fields of vertical velocities which, combined 
with the predicted moisture content, will 
delineate the associated large-scale pre- 
cipitation patterns. 

However important this information is, 
the meteorologist must know more about 
the smaller-scale fine-grained structure 
which he observes as “‘weather,” not only 
visually by cloud formations and distribution 
but also as radar displays of precipitating 
clouds. These show an amazing amount of 
“organization” in weather patterns, with 

1 Summary of remarks presented before Con- 
ference on High-Speed Computing Applications to 
Meteorology and Oceanography, sponsored by the 


National Science Foundation and the University 
of California at Los Angeles, May 13-15, 1954. 
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METEOROLOGY .—Dynamic linkages between westerly waves and weati er. 


cellular, eddy, and line phenomena presen; 
whose sizes or widths are much smaller 
than the westerly wave lengths and in faet, 
smaller even than the average 200-mile 
mesh length used in present dynamic 
prediction methods (2). These smaller-scale 
phenomena which have principal effect on 
most human activities cannot be delineated 
by present larger-scale predictions of average 
vertical velocities and, therefore, average 
precipitation over 200-mile squares. 

For example, precipitation cellular pat- 
terns of scale 10 by 10 miles (corresponding 
to thunderstorms) are often found super. 
imposed on the general large-scale warm. 
front precipitation area when the ascending 
tropical air is convectively unstable, and 
account for the heavier bursts of precipita. 
tion amounts hitting seme spots and missing 
others a few miles away—which makes s 
difficult agreement of precipitation amounts 
predicted with those observed. 

Line phenomena in weather have been 
long observed as the terms: line-squall or 
squall-line, front, instability line, and pres- 
sure jump line indicate. These lines, which 
may be hundreds of miles long, have widths 
measured in tens of miles. A very large 
percentage of violent weather, such as 
severe thunderstorms, windstorms, and the 
small but violent vortices known as torna- 
does, is located on these lines (3). 

The general location in space and time of 
weather phenomena is controlled mainly by 
the large-scale westerly flow pattern in that 
“weather” usually occurs between the 
planetary wave trough and the ridge some 
hundreds of miles to the east. The extent and 
average intensity of the associated large- 
scale weather pattern will depend on the 
flow, thermal, and moisture properties of 
these westerly waves and are amenable to 
quantitative prediction as discussed earlier; 
but there is as yet no quantitative method 
of predicting the scale and ‘unsmoothed” 
intensity of the fine-grained structure of 
weather. 

More must be learned of dynamic links 
connecting the large-scale flow pattern with 
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the fine-grained weather pattern. The front 
was one of the first dynamic links discovered 
which connected atmospheric energy sources 
and surface weather; the recent concept of 
the pressure-jump line as an explanation of 
certain types of squall-lines provides another 
example. There is some evidence that the 
front owes its origin and maintenance to 
transverse air motions associated with the 
jet-stream aloft. The pressure-jump line 
has been shown to be a gravity wave on an 
internal surface; it may move faster than 
the surrounding winds and by its violent 
lifting of air causes the release of precipita- 
tion and latent energy, forming severe 
storms of small-scale. Such gravity waves 
may also play an important part in the 
initiation and propagation of cellular pre- 
cipitation patterns. 

In the present large-scale dynamic meth- 
ods gravity waves are considered to be 
meteorologically unimportant noise, and 
are automatically eliminated by the geo- 
strophic assumption. In the case of the 
large-scale planetary waves with which 
dynamic methods are presently concerned, 
the elimination of gravity waves may be 
entirely justified, but not for the finer- 
grained weather. 

Recent work has emphasized the earlier 
discovery by O. Reynolds (4) regarding the 
direction of flow of kinetic energy from 
eddies to zonal currents and vice versa. It 
appears that under certain conditions, 
usually fulfilled in middle latitudes, the 
large-scale eddies of the size of conventional 
“highs” and “lows” transfer their energy 
to the maintenance of zonal currents, the 
smaller eddies serving to diffuse some of the 
energy of the zonal currents. Thus the flow 
of energy from large zonal motions to small 
motions is important not only as regards 
the atmospheric energy cycle but in creating 
the fine-grained structure of weather. Some 
likely areas of investigation are suggested: 


(a) Deepening or motion of an upper trough 
in the westerlies and consequent unbalanced ac- 
celeration of low-level currents which by their 
induced lateral motions produce line phenomena. 
This may be considered as an extension of the 
Rossby-Cahn effect and recent work by Tepper 
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(6) indicates that this model, treated as non- 
linear, causes “‘shocks” or pressure jumps propa- 
gating eastward if the basic unbalanced current 
is from the south. This may create squall-lines 
at the time of deepening or moving troughs in 
the westerly waves aloft. The linearized model of 
Rossby-Cahn did not yield such shocks or pres- 
sure-jump lines. Solution of this problem would 
also apply to Hawaiian precipitation, most of 
which apparently comes from warm clouds 
bounded by an inversion at 5,000 to 8,000 feet, 
where air temperatures are wel] above freezing. 
The appearance of a westerly wave trough at 
30,000 feet aloft induces an upward motion in the 
inversion, thickening the clouds sufficiently to 
allow coagulation of cloud drops into larger drops 
which can precipitate to the ground. This 
process may also lead to formation of line 
phenomena, traveling away from the initial 
disturbance. 

(b) Effect of mountainous and hilly terrain in 
producing moving discontinuities requires further 
investigation. The maximum frequency of 
tornadoes east of the Rocky Mountains may be a 
direct effect of the disturbance of air flowing over 
the mountains, or what seems more likely, the 
usual formation of troughs to the lee of the 
mountains tends to deepen the westerly wave 
trough as it passes east of the mountains. Never- 
theless, the tendency of line phenomena to appear 
on the east side of the mountains without a 
pronounced trough aloft indicates that at times 
there may be a direct mountain effect on atmos- 
pheric pulsations. The strong convective activity 
on a hot summer afternoon over the Rockies for 
example seems to generate travelling cloud lines 
which may cause nocturnal showers and thunder- 
storms farther east. Also the strong tendency for 
cold air drainage at night down the mountain and 
foot-hill slopes may cause Rossby-Cahn effects 
to the right of the unbalanced current. For 
example, the average vector difference at 1,000 
meters at Oklahoma City in summer from 4 p. m. 
and 4 a. m. winds is 20 mph from the southwest, 
which might create line phenomena propagating 
to the southeast. 

(c) Effect of sudden changes in air density 
caused, for example, by cooling by precipitation 
produces oscillations of a quasistationary front. 
A marked case of this sort occurred in May 1953 
and created among others, the famous Waco, 
Tex., tornado (6). 
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(d) Spiralform bands in the hurricane present 
a fine example of curved line phenomena (2) 
similar in appearance to a spiral nebula. The 
first or “forerunner” squall-lines often appear 
200-300 miles in advance of the hurricane. The 
occasional occurrence of tornadoes in hurricanes 
may also be associated with these bands, since 
most of the hurricane rain and squally winds are 
also concentrated there. The explanation of these 
marked bands is still lacking; they may be as- 
sociated with the “pumping” of the hurricane 
itself, generating waves which travel outward 
from the center and rotate or the entrainment 
and intensification of the cloud “streets’’ often 
found over the tropical oceans. 
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PALEONTOLOGY .—A new Pleistocene bat (Corynorhinus) from Mexico. CHARLES 
OQ. HanD.ey, Jr., United States National Museum. 


Vertebrate remains in large quantities 
were collected by the late Chester Stock in 
San Josecito Cave, Nuevo Leén, Mexico. 
These have been reported in part by Cushing 
(1945), Findley (1953), Furlong (1943), 
Miller (1940, 1942, 1943), and Stock (1943). 
A portion of this material is temporarily 
at the University of Kansas, on loan from 
the California Institute of Technology. I 
am indebted to the authorities of the De- 
partment of Geological Sciences, California 
Institute of Technology, and to E. Raymond 
Hall of the University of Kansas for the 
opportunity to study a skull of the big- 
eared bat, Corynorhinus, from this collec- 
tion. It proves to differ significantly from 
other known forms and may be described 
as follows: 


Corynorhinus tetralophodon n. sp. 


Type.—California Institute of Technology 
(Vert. Pal.) no. 192/2989; well-preserved skull 
with worn teeth, lacking mandibles, auditory 
bullae, hamular processes, all incisors, right 
canine, and the minute premolar, P', from both 
maxillae; collected by Chester Stock in Pleisto- 
cene deposits of San Josecito Cave, near the town 
of Aramberri, southern Nuevo Leén, Mexico, 
elevation 7,400 feet. 

Diagnosis.—Resembles Recent Corynorhinus 
in most cranial details. Rostrum broad and 
flattened; anterior nares, relative to greatest 





length of skull, small and rounded in outl!ne 
(dorsal view); skull relatively narrow; braincase 
relatively shallow; zygoma with postorbital ex- 
pansion in posterior third of arch; supraorbital 
ridges lacking; temporal ridges prominent and 
converging posteriorly, so that they meet, but 
do not completely merge; intermaxillary notch 
relatively small; extension of palate posterior to 
MS relatively short; median postpalatal process 
styliform, basial pits deep and well-defined. 
Tooth rows crowded; teeth relatively fragile (not 
robust) ; canine with small internal cingular cusp; 
P* wider than long, with anterointernal cingular 
cusp only slightly indicated ; no trace of hypocone 
cusp on molars; M* with well-developed fourth 
commissure, almost equaling third commissure in 
length. 

Measurements.—In millimeters, taken with dia! 
calipers with aid of binocular microscope. Great- 
est length (incisors excluded), 15.6; zygomatic 
breadth, 8.2; interorbital breadth, 3.4; breadth of 
brain case, 7.7; cranial depth, 5.3; maxillary 
tooth row (anterior edge of canine to posterior 
edge of M’), 5.0; postpalatal length (posterior 
margin of palate, excluding median process, to 
anteroventral lip of foramen magnum), 5.9; 
palatal breadth (at M?’), 5.7. 

Comparisons.—Closely resembles Recent spe- 
cies of Corynorhinus, but-the retention of a well- 
developed fourth commissure on M? distinguishes 
tetralophodon from these as well as from all other 
species of plecotine bats. The fourth commissure 
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of M? is barely indicated in Barbastella, Euderma, 
Idionycteris, Recent Corynorhinus, and in the 
Pleistocene C. alleganiensis, but there is no trace 


of it in Eurasian Plecotus, which shows some re-: 


duction even of the third commissure of M?*. 

Shallowness of the brain case is a feature ob- 
served in Plecotus, Euderma, Idionycteris, and 
possibly in C. alleganiensis (uncertain because of 
the likelihood that the only known almost com- 
plete skull has suffered dorsoventral compres- 
sion). This degree of shallowness (cranial depth 
equals 34 per cent of greatest length) is equaled 
in Recent Corynorhinus only by extreme variants. 

Failure of the temporal ridges to merge com- 
pletely to form a sagittal crest is a character 
chared with C. alleganiensis, Idionycteris, and 
Euderma. However, in these forms the ridges 
remain farther apart. Occasional specimens of 
Recent Corynorhinus resemble C. tetralophodon 
in this respect. 

Specimen examined.—One, the type. 
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MYCOLOGY.—A southern Basidiobolus forming many sporangia from globose and 
from elongated adhesive con:dia, CHARLES DRECHSLER, Plant Industry Station, 


Beltsville, Md. 


During more than 30 years the Petri 
plate cultures that I prepared for the 
isolation of parasitic fungi from decaying 
roots and stems of various cultivated plants 
collected in the District of Columbia and 
in neighboring localities within Maryland 
and Virginia have now and then shown some 
limited development of smooth-walled zygo- 
spores which from their paired juxtaposed 
protuberances were recognizable as _per- 
taining to a species of Basidiobolus. Since the 
zygospores, often badly contaminated with 
bacteria and miscellaneous molds, never 
germinated after their transfer to a fresh 
agar medium, and never were found accom- 
panied by conidia, my efforts to obtain the 
adventitious phycomycete in pure culture 
long remained unsuccessful. In recent years, 
however, unquestionably the same fungus 
has been isolated many times from numerous 
mycelia found developing in maize-meal 
agar plate cultures canopied with leaf 
mold taken from deciduous woods near 
Beltsville, Maryland, and Arlington, Vir- 
ginia. These cultures yielded, besides, an 
even larger number of separate isolations 
referable to a second species of Basidiobolus 


differing from the first in the strongly musty 
odor it emitted (Drechsler, 1953), in its 
much earlier production of globose conidia, 
in its readier conversion of globose as well as 
of elongated adhesive conidia into sporangia, 
and in the strongly undulating outer con- 
tour of the frequently two-layered wall 
surrounding its mature zygospore. Because 
of similarity to B. ranarum Eidam (1886), 
especially in the character of its zygospore 
wall, the widely distributed second species— 
I have obtained it also from decaying plant 
detritus collected in New Hampshire, 
Pennsylvania, Delaware, North Carolina, 
and Louisiana—awaits comparison with 
congeneric isolations from the excrement or 
stomach contents of frogs and other am- 
phibians. 

The varied asexual reproduction displayed 
under ordinary cultural conditions by the 
species with zygospores of undulate profile 
takes place rather more abundantly in still 
another species of Basidiobolus that came 
to light in several Petri plate cultures that 
had been canopied with small quantities of 
decaying plant detritus gathered in north- 
eastern Florida, on January 1, 1954. When 
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growing on maize-meal agar this third 
species does not give off the musty odor 
emitted by many species of Streptomyces. As 
its zygospores are typically smooth it would 
seem clearly distinct from B. ranarum. For 
the same reason it would appear separate 
also from B. myzxophilus R. E. Fries (1899) 
the zygospores of which were described as 
being provided with “episporio undulato”’; 
and this separateness would hold true 
whether the doubts expressed by Levisohn 
(1927), and later by Fries (1929) himself, 
concerning the independence of B. myz- 
ophilus were justified or not. Its smooth 
zygospores presumably distinguishes the 
Florida phycomycete likewise from B. 
intestinalis (Léger and Hesse), for the 
statement by Léger (1927) that the ‘“oeuf 
sphérique” of the fungus inhabiting the 
trout intestine becomes surrounded by a 
wall composed of ‘‘écailles concentriques”’ 
must almost certainly imply the presence of 
numerous convex contour markings similar 
to the wavy peripheral markings shown in 
Eidam’s (1886, pl. 12, fig. 7-9, 12-14) and 
Thaxter’s (1888, pl. X.XI, fig. 413) illustra- 
tions of the mature undulate zygospores of 
B. ranarum. Although Levisohn found the 
Basidiobolus developing from the excrement 
of lizards to agree with the single species 
infesting the digestive tracts of frogs, toads, 
salamanders, and blindworms, and _ there- 
fore held B. lacertae Eidam to be identical 
with B. ranarum, it yet seems expedient to 
note here that very short and consistently 
unseptate protuberances such as Eidam set 
forth as being characteristic of conjugating 
segments in B. lacertae are not usually 
observable in the Florida fungus. In view 
of the readiness with which its conidia are 
converted into sporangia this fungus may 
appropriately be described under an epithet 
compounded of two words pepioros, oropa 
meaning “divided” and “‘seed,” respectively. 


Basidiobolus meristosporus, sp. nov. My- 
celium mediocriter conspicuum, saepe in aerem 
visibiliter crescens, incoloratum; hyphis sterilibus 
ramosis, plerumque 3-20, crassis, mox septatis, 
hic illic disjunctis, cellulis eorum plerumque 30- 
230u longis, uno nucleo visibili praeditis. Primi- 
formibus fertilibus hyphis singulatim ex cellulis 
mycelii vel ex conidiis vel ex zygosporis surgenti- 
bus, incoloratis, simplicibus, basi 4-9, latis, in 
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aerem vulgo 60-200, ad lucem protend: ntibus, 
sursum in tumorem jaculatorium 35-60. ongum 
et 15-30, latum inflatis, apice unum prin iforme 
conidium ferentibus, denique hoc violen‘er ab. 
jicientibus; primiformibus conidiis globosis seq 
basi ad instar mammiculae leviter proiinulis, 
plerumque 20-45, in diametro, nunc uno nucleo 
nune duobus nucleis praeditis, interdum jp 
sporangium transeuntibus denique 5-90 sporas 
intus gignantibus. Hyphis formae gracilis fertili- 
bus ex primiformibus vel tenacibus coniciis nee 
umquam ex cellulis mycelii surgentibus, incolora- 
tis, rectis, saepius 75-200 longis, basi 1 .5-3.5y 
latis, sursum leniter attenuatis, apice 1-2, latis, 
ibi unum conidium tenax ferentibus. Tenacibus 
conidiis omnino 20—70y longis, 6-20, latis, ex 
infera viventi cellula et supero glutinoso rostro 
constantibus; glutinoso rostro flavido, tubulato, 
3-10.5y longo, sursum 1-2.7y lato, apice vulgo 
guttula materiae glutinosae flavae 3-10, crassa 
vestito; viventi cellula incolorata, elongato- 
ellipsoidea, recta vel leviter curvata, pleurumque 
17—55u longa, uno nucleo vel duobus nucleis in- 
structa, interdum in sporangium transeunte 
denique 1-50 sporas intus gignantibus. Sporis 
incoloratis, globosis vel elongato-ellipsoideis vel 
rotundo angulatis, plerumque 7-15, longis, 6 
12, latis, uno nucleo praeditis. Zygosporis ex con- 
jugio duabus cellularum contiguarum in hyphis 
mycelii etiam in conidiis ortis, globosis vel 
elongato-ellipsoideis, plerumque 23-35, longis, 
20-32, latis, in maturitate uno nucleo instructis, 
muro levi saepe aliquid flavido 2-3, crasso cir- 
cumdatis. 

Habitat in materiis plantarum putrescentibus 
prope Palatka, Florida. 

Mycelium usually readily visible, growing 
noticeably into the air, colorless; assimilative 
hyphae branched, mostly 3 to 20, wide, early be- 
coming divided by cross-walls; hyphal segments 
mostly 30 to 230u long, in many instances soon 
becoming separated from their neighbors, in the 
living state showing a single nucleus. Primary 
conidiophores arising singly from hyphal seg- 
ments or from conidia or from germinating 
zygospores, colorless, unbranched, proximally 4 
to 94 wide, commonly extending to 60 to 200, 
into the air and toward the main source of light, 
inflated distally into a propulsive swelling 35 to 
60 long and 15 to 30% wide, bearing at the 
tip a single primary conidium and forcibly shoot- 
ing it off; primary conidia globose, but with a 
wide mammiform protrusion at the base, mostly 
20 to 45u in diameter, colorless, containing 1 or 
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2 discernible nuclei, rather often functioning as 
sporangia in forming 5 to 90 spores internally. 
Conidiophores of slender type arising singly 
either from primary or from adhesive conidia but 
never originating from hyphal segments, color- 
less, straight, mostly 75 to 200, long, 1.5 to 3.5, 
wide at the base, tapering gradually upward, 1 
to 2u wide near the tip on which a single adhesive 
conidium is borne in axial alignment. Adhesive 
conidia mostly 20 to 70, in total length and 6 to 
%u in greatest width, composed of a living cell 
and an apical adhesive beak; the adhesive beak 
yellowish, tubular, 3 to 10.5 long, 1 to 2.7 
wide above its broad attachment, at the tip com- 
monly surrounded by a globose mass of golden 
yellow glutinous material 3 to 10u in diameter; 
living cell colorless, elongated-ellipsoidal, straight 
or slightly curved, mostly 17 to 55 long, con- 
taining 1 or 2 clearly visible nuclei, often func- 
tioning as sporangia in forming 1 to 50 spores 
internally. Spores colorless, globose or elongate- 
ellipsoidal or somewhat angular, mostly 7 to 15u 
long and 6 to 12,4 wide. Zygospores originating 
from union of 2 contiguous cells in mycelial 
hyphae or in conidia, mostly globose or elongate- 
ellipsoidal, often 23 to 35u long and 20 to 32y 
wide, in mature resting state apparently contain- 
ing a single nucleus and surrounded by a smooth, 
slightly yellowish wall 2 to 3 thick. 

Occurring in decaying plant materials near 
Palatka, Florida. 

In the readily visible character of its mycelium 
and in its tendency toward aerial development 
Basidiobolus meristospsrus differs markedly from 
the two congeneric forms ubiquitous on leaf mold 
near the District of Columbia, both of which are 
often virtually indiscernible on maize-meal agar, 
and are little given to production of aerial hyphae 
on this substratum despite their robust sub- 
merged growth. Yet under the microscope a 
young mycelium of B. meristosporus looks much 
like young mycelia of the two congeneric species 
with respect to branching habit, celiular dimen- 
sions, and protoplasmic texture. Where vegeta- 
tive growth takes place in an ample expanse of 
unoccupied agar substratum the terminal seg- 
ments (Fig. 1, A) at the advancing forefront are 
commonly 8 to 10 wide. Fluctuations between 9 
and 13, are usual in the penultimate and ante- 
penultimate segments, and prevail rather gener- 
ally also among the clder segments to the rear. 
However, the short proximal segments near the 
empty envelope of the conidium from which a 
sizable mycelium has originated often measure 
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15 to 20u in width. In tube cultures 10 to 15 days 
old elongated ellipsoidal segments 50 to 125, long 
and 25 to 30u wide can sometimes be found in 
large numbers 4 or 5 millimeters below the sur- 
face, but as these massive cells are often wholly 
disconnected or have only meager contact with 
any neighbor they give somewhat the appearance 
of resting bodies. Filaments conspicuously nar- 
rower than the axial hyphae at the margin of an 
expanding mycelium may originate as lateral 
branches given off by axial segments in positions 
well back from the advancing forefront, or as 
germ hyphae extended from conidia that have 
happened to fall on substratum already occupied 
by mycelium. Many such filaments measuring 
only 3 or 4y in width are commonly present in 
cultures several weeks old. The individual hyphal 
seginent, irrespective of width, contains a single 
nucleus which with the relatively large endosome 
is, as a rule, clearly visible in an unstained living 
condition. 

Many hyphal segments in an actively growing 
mycelium of Basidiobolus meristosporus expend 
their protoplasmic contents in asexual or in sexual 
reproduction within a few hours after their for- 
mation. In initiating asexual reproduction the 
individual segment puts forth a stout branch 
(Fig. 1, B, a; C, a) usually from a median posi- 
tion. If the segment is on the surface of the sub- 
stratum this branch sometimes ascends at once 
into the air, directing its growth toward the main 
source of light. After ascending about 100, (Fig. 
1, D, a), or sometimes no more than 25u (Fig. 1, 
E, a), the branch, or conidiophore, may widen 
out terminally to form the propulsive enlarge- 
ment (Fig. 1 D, b; E, b) characteristic of the 
genus. When the enlargement has received much 
of the protoplasm originally contained in the 
underlying segment it gives rise at its tip to a 
single globose conidium (Fig. 1, E, c). Rather 
commonly the branch extended from the hyphal 
segment is considerably longer than 25 or 100x, 
for in the many instances where it originates 
under the substratum it must first make its way 
to the surface before it can grow into the air. 
Besides, on reaching the surface the conidio- 
phorous branch in B. meristosporus often elon- 
gates procumbently before its tip ascends to form 
the propulsive enlargement and the conidium 
(Fig. 1, F, a). A growing branch several hundred 
microns in length contains in its forward portion 
all the protoplasm of the whole reproductive unit. 
Successive stages in the forward movement of 
the granular material and single nucleus may be 








marked by deposition of retaining septa in the 
rear. When finally all the protoplasm has been 
received into the terminal conidium the empty 
wall of the hyphal segment and an extensive 
proximal portion of the empty membrane of the 
conidiophorous branch may have collapsed badly 
or have otherwise become unrecognizable. 

If a conidiophore bearing a globose conidium 
nearly ready for discharge (Fig. 1, F, a) is 
mounted in a moist preparation under a cover 
glass normal discharge does not take place, but 
the terminal enlargement slowly undergoes some 
changes that presumably are similar to those oc- 
curring when it serves as a propulsive mechanism. 
An irregular fissure appears in the lower portion 
of the enlargement (Fig. 1, F, b), where in nor- 
mal discharge the membranous envelope is torn 
apart. Through contraction of the membrane in a 
zone a little above the equator of the enlargement 
the main portion of membrane normally shot off 
with the conidium acquires the curious tower-and- 
cupola outline first made known in Eidam’s ac- 
count of Basidiobolus ranarum. The proximal 
portion of membrane represented in the tower- 
like profile sometimes is markedly thinner than 
the distal portion making up the cupola-like com- 
ponent (Fig. 1, F, b) and may then be expected 
to vanish from sight relatively early. Although 
in many instances the empty membranous piece 
remains attached to the conidium (Fig. 1, G) it 
more often becomes disengaged in flight and 
reaches the substratum separately. If its lower 
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portion has evanesced it presents a conica! shape 
(Fig. 1, H, a-e) rather than the more f:miliar 
tower-and-cupola conformation (Fig. 1, H, f-m). 

The globose conidia found scattered abun. 
dantly on maize-meal agar cultures 3 or + days 
old are mostly about 30 in diameter, and in un- 
stained living material usually show, even if 
somewhat indistinctly, a single nucleus near the 
center (Fig. 1, I, a-d; Fig. 2, A-C), yet here and 
there an individual conidium (Fig. 2, D) may 
reveal 2 nuclei. On fresh unoccupied agar globose 
conidia commonly germinate by extending indi- 
vidually a broad germ hypha (Fig. 1, J, a, b) from 
which a new mycelium may originate. A relatively 
narrow germ hypha (Fig. 1, K), as has been men- 
tioned, may be put forth from a globose conidium 
that has fallen on a tract of agar substratum 
already permeated with mycelium of the fungus. 
Often a globose conidium gives rise to a germ 
conidiophore (Fig. 1, L, a; M, a) that ascends 
into the air and forms a propulsive enlargement 
(Fig. 1, L, b; M, b) on which another globose 
conidium (Fig. 1, L, c; M, ¢) is produced. After 
the new conidium has been shot off similar repe- 
titional development may ensue again and again, 
each successive generation being accompanied by 
noticeable reduction in size. 

Many of the globose conidia formed in maize- 
meal agar cultures of Basidiobolus meristosporus 
become converted into sporangia (Fig. 2, E-H) 
through three-dimensional segmentation of their 
contents. In slanted tube cultures, where conidia 





Fic. 1.—Basidiobolus meristosporus as found developing in maize-meal agar; X 500 throughout. A, 








Terminal portion of hypha at margin of an actively growing mycelium. B, C, Submerged hyphal seg- 
ments from each of which a conidiophorous branch, a, is being extended upward. D, Portion of hypha at 
surface of culture showing an intercalary segment from which has been extended a short conidiophore, a, 
with a terminal propulsive swelling, b. E, Unusually wide hyphal segment at surface of culture that has 
become emptied in forming a unit of asexual reproductive apparatus: a, unusually short empty conidio- 
phore; b, propulsive swelling, c, globose conidium ready to be shot off. F, Globose conidium on propul- 
sive enlargement terminating a long condiophore sent up from a submerged hyphal segment: a, condition 
when newly mounted in a moist preparation under a cover glass; b, condition 20 minutes later. G, Dis- 
charged conidium with attached piece of envelope of propulsive swelling. H, Pieces of envelopes of 
propulsive swellings left detached on substratum: a-e, short conical pieces; f-m, longer pieces of tower- 
and-cupola design. I, Detached globose conidia, a-d. J, Two conidia, a-b, germinating on fresh un- 
occupied maize-meal agar. K, Conidium germinating on surface of agar already occupied by mycelium 
of fungus. L, M, Globose conidia that are giving rise to other globose conidia: a, germ conidiophore; 
b, propulsive terminal swelling; c, young secondary conidium. N, Detached globose conidium that in 
part has undergone conversion into a sporangium: a, condition observed in a moist, newly prepared 
mount; b, condition observed 30 minutes later, showing production of a germ hypha from the large 
residual cell not included in the sporangium. O-Q, Empty membranous envelopes of globose conidia from 
each of which has been sent up an erect slender Cuaidaoheen, a, that bears aloft an elongated adhesive 
conidium, b. R, Detached adhesive conidia, a-d. S, Adhesive conidium germinating on fresh unoccupied 
ar. T, Empty envelope of an adhesive conidium from which has been sent up an erect slender conidio- 
P ore bearing aloft a secondary adhesive conidium. U, Detached adhesive conidia, a-c, each of which 
as been converted into a sporangium. V, Detached adhesive conidium in part eonverted into a spo- 
rangium: a, condition observed in a moist, newly prepared mount; b, condition 20 minutes later, showing 
production of a broad germ hypha from the pee be pe not included in the sporangium. W, Adhesive 
sporangium that has released from its basal opening all except one of its spores. X, Spores after libera- 
tion from sporangium: a-l, individual spores; m-o, spores united in pairs; p, spores united in a group 
three. Y, Unit of sexual reproductive apparatus at early stage of conjugation. Z, Mature zygospores, a-¢. 
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are often propelled onto the glass ceiling in such 
large numbers that they make up a coating 
readily visible to the naked eye, a greater pro- 
portion of conidia are converted into sporangia 
on the ceiling than on the agar floor. Sporangial 
development thus takes place under ordinary 
conditions of culture and in a wholly spontaneous 
manner. As a rule the sporangial envelope re- 
mains intact for some time after the delimited 
spores have begun rounding up, but eventually 





Fig. 1.—(See opposite page for legend). 
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it ruptures irregularly. The size of the parent 
conidium largely determines the number of spores 
that are produced but does not greatly affect 
their size. Globose conidia of unusually large 
dimensions (Fig. 2, H) may yield from 60 to 90 
spores, those of average size commonly yield 
about 25 spores, and those of unusually small 
size may form only about 5 spores. Some conidia 
(Fig. 1, N, a) are converted into sporangia only 
in part, the residual portion in such instances 
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retaining its coarsely granular texture as well as 
its capacity to germinate promptly by emission 
of a broad germ tube (Fig. 1, N, b). 

In maize-meal agar cultures of Basidiobolus 
meristosporus numerous globose conidia (Fig. 1, 
O-Q) give rise individually to a tall slender co- 
nidiophore (Fig. 1, O-Q: a) bearing a solitary 
elongated conidium (Fig. 1, O-Q: b). This co- 
nidium is of the unusually distinctive secondary 
type described earlier (Drechsler, 1947) in an- 
other member of the genus. It is prolonged dis- 
tally into a yellowish beak that normally termi- 
nates in a globular mass of golden yellow adhesive 
substance, though sometimes under the dry con- 
ditions prevailing on the glass ceiling of a slanted 
tube culture no adhesive globule is secreted 
(Fig. 1, R, a). The elongated conidia are not 
forcibly shot off but become detached (Fig. 1, 
R, b-d; Fig. 2, I-M) on slight disturbance. In a 
living unstained condition they show one (Fig. 1, 
R, a-d; Fig. 2, I-L) or two (Fig. 2, M) nuclei. 
Like the primary conidia they often put forth a 
broad germ tube (Fig. 1, 8) capable of growing 
either into an extensive assimilative mycelium 
or into a phototropic conidiophore that even- 
tually shoots off a globose conidum. In aging 
cultures, and more especially in the presence of 
alien molds, they are much given to repetitional 
development, each sending up a slender conidio- 
phore (Fig. 1, T, a) on which a new adhesive 
conidium is borne. They readily become con- 
verted into sporangia (Fig. 1, U, a-c; Fig. 2, 
N-R) through segmentation of their contents. 
Like sporangia generally they produce spores in 
numbers approximately proportional to their size. 
In the few instances where an adhesive conidium 
is only partially converted into a sporangium 
(Fig. 1, V, a) the unconverted residual portion 
retains its capacity for promptly putting forth a 
broad germ hypha (Fig. 1, V, b). Many adhesive 
sporangia in the later stage of their development 
show one or two transverse markings (Fig. 1, U, 
b, c; Fig. 2, O)-in the portion of envelope sur- 
rounding the basal spore. These markings 
apparently indicate definite modifications for 
dehiscense, since elongated sporangial envelopes 
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are often found that are wide open at t! = basal | 


end (Fig. 1, W) and are either wholly e: ipty or 
occupied by only 1 or 2 spores. 

The spores (Fig. 1, X, a-p; Fig. 2, 5, a) 
formed in the two types of sporangia ap) ear ip- 
distinguishable. In unstained living condition 
they show clearly a single nucleus surrounded by 
very finely granular protoplasm wholly devoid of 
vacuoles. The individuals that have rounded up 
into a nearly spherical shape commonly measure 
about 10, in diameter. Owing to imperfect sepa- 
ration within some sporangia 2 spores (Fig. 1, X, 
m-o) or even 3 spores (Fig. 1, X, p; Fig. 2, 8, e) 
are occasionally found united after they have 
been released. 

Sexual reproduction takes place early and 
abundantly in maize-meal agar cultures of 
Basidiobolus meristosporus. As in other members 
of the genus conjugation is initiated by the pro. 
duction of 2 juxtaposed protuberances from the 
adjoining ends of paired neighboring cells (Fig. 
1, Y). The mature resting zygospore is sur- 
rounded by a thick smooth wall that usually ap- 
pears intimately united with the thin enveloping 
membrane of the parent gametangium (Fig. 1, 
Z, a-c; Fig. 2, T, U). However, in small areas of 
some cultures many zygospores were found rather 
loosely surrounded by the wall. of the parent 
gametangium, so that the gametangium envelope 
was partially (Fig. 2, V) or wholly (Fig. 2, W) 
separated from the zygospore wall proper and 
presented an irregularly wavy profile. In these 
reproductive units the separation observed did 
not correspond accurately to that usual in repro- 
ductive units of. the musty-smelling congeneric 
form.abundant in our middle latitudes, for in the 
latter, as also in sexual apparatus of Conidiobolus 
osmodes Drechsler (1954), extensive separation is 
found between the 2 layers making up the zygo- 
spore wall proper. Localized separation between 
an outer and an inner layer of the zygospore wall 
proper is sometimes noticeable in reproductive 
units of B. istosporus, especially at the proxi- 
mal or the distal end (Fig. 1, Z, c; Fig. 2, V), 
but the smoothness of the outer contour is never 
affected thereby. 





Fic. 2.—Basidiobolus meristosporus as found developing in maize-meal agar cultures; X 1000 through- 
out. A-C, Uninucleated globose conidia. D, Binucleated globose conidium. E-H, Sporangia formed from 
globose conidia. I-L, Uninucleated adhesive conidia. M, Binucleated adhesive conidum. N-R, Sporangia 
formed from adhesive conidia. 8, Spores after release from sporangia: a-d, individual spores; e, group of 


3 united spores. T-W, Mature zygospores with adjacent portions of hyphal membranes. X, Adhesive 


conidium divided into 2 cells preliminary to sexual development. Y, Adhesive conidium that has formed 


a zygospore in which 2 nuclei are visible. Z, Adhesive conidium that has formed a zygospore showing @ 


single nucleus. 
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Zygospores are produced 


Z, c: Fig. 2, T, V, W, Z). A mature zygospore in 


its resting state appears to contain only a single 


nucleus, so that the presence of two nuclei (Fig. 2, 

Y) indicates either an early immature state or a 

late after-ripened state prior to germination. 
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ZOOLOGY .—The genus Ogyrides (Crustacea: Caridea) in North Carolina. Austin 
B. Wixu1aMs, University of North Carolina Institute of Fisheries Research, 
Morehead City, N. C. (Communicated by Fenner A. Chace, Jr.) 


In 1879 J. S. Kingsley described a small 
caridean shrimp, Ogyris alphaerostris, from 
the eastern shore of Northampton County, 
Va. He based his description on a single 
specimen that was in poor condition. Hay 
and Shore (1918) redescribed the species on 
the basis of another specimen, which was 
collected near Beaufort, N. C. They placed 
this aberrant genus in a family ‘of its own, 
setting aside previous assignments to the 
families Hippolytidae and Alphaeidae 
apparently unaware of a change in the 
generic nomenclature. The genus Ogyris 
was proposed by Stimpson (1860) on the 
basis of. an oriental species, but Stebbing 
(1914) found this name to be preoccupied 
and proposed the name Ogyrides to supplant 
it. The family status of the group remains 
undecided. 

Two species of Ogyrides have been found 
in North Carolina in the past three years. 
One of these is apparently O. alphaerostris 
(Kingsley). The second is different from 
any known species of Ogyrides and is 


described herein as a new species. Un- 
fortunately, the status of the new species 
depends upon a clear definition of Kingsley’s 
species, and circumstances make such a 
definition difficult.’ 

Neither Kingsley’s description nor the 
accompanying figure exactly agrees with 
either of the species considered here. 
Kingsley did not mention any spines on the 
dorsal surface of the carapace, whereas both 
of the species treated here possess such 
spines. His figure shows the blade of the 
antennal scale extended as a small distal 
lobe instead of tapering toward the terminal 
spine as in both of the North Carolina 
species. This figure does not exactly fit the 
short description, and moreover, the type 


(an ovigerous female formerly housed at 


Union College, Schenectady, N. Y., and 
now at the U. 8S. National Museum) almost 


' For many suggestiéns and for the historical 
information I am indebted to Dr. Fenner A. Chace, 
Jr., and Dr. L. B. Holthuis. W. A. Van Engel gave 
information on the type locality of O. alphaerostris. 
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certainly belongs to the same species as the 
one described below. 
This “type” specimen has a dubious 


history. It was probably identified by 


Kingsley as O. alphaerostris, and he stated 
that there was but one specimen in the 
collection. The specimen was sent to 
Coutiére in Paris when he was working on 
alphaeids. The locality label is in another 
handwriting and may have been written 
on the assumption that it was the type 
specimen. A slip in the vial bears the 
number 417; Kingsley gave the catalogue 
number of the type of O. alphaerostris as 
407. The circumstantial evidence is strong 
that this specimen is the type, but Kingsley’s 
statement that this species differs from the 
genotype QO. orientalis (Stimpson) in lacking 
a carina on the carapace leads to doubt as 
to the validity of this specimen as the type. 

Hay and Shore did not have access to the 
type of O. alphaerostris when they made their 
redescription, for at that time it was in the 
hands of Coutiére. Their description and 
figures clearly show a single movable spine 
on the dorsal surface of the carapace. This 
and other characters described by them are 
shown by 35 specimens of Ogyrides, mostly 
juveniles, now available for study from the 
vicinity of Beaufort, N. C. 

From these facts two conclusions may be 
drawn. First, there are two species of 
Ogyrides on the east coast of the United 
States. One was described and inadequately 
figured by Kingsley; the type was lost and a 
new type was designated. Unfortunately, 
the new type belonged to an unrecognized 
and undescribed second species. Second, 
there are three species of Ogyrides on the 
east coast of the United States: (a) One 
was described and figured by Kingsley, and 
subsequently the type was lost. The species 
has not been rediscovered. (b) A new type 
was designated for Kingsley’s species by 
accident, but unfortunately the specimen 
chosen belonged to an unrecognized and 
undescribed second species. (c) Hay and 
Shore referred their redescription to Kings- 
ley’s name alphaerostris, but in reality they 
were describing a third form which is fairly 
common in the Beaufort, N. C., area. 

The matter will not be settled until 
topotypes of Kingsley’s species are collected 
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and studied. For the present it seems per- 
missible to refer Kingsley’s and Hay and 
Shore’s species to the name alphaerostris 
on the basis of circumstantial evidence. O. 
alphaerostris in the Beaufort region attains a 
slightly larger size than the species described 
below, and this larger size agrees with the 
total length measurement given by Kingsley. 
The original description of the carapace 
more nearly fits that of Hay and Shore’s 
species than it does the form herein de- 
scribed. OU. alphaerostris in the Beaufort 
region has invariably been taken near 
Beaufort Inlet in water with a high salinity 
(above 25%). The type locality for the 
species seems to be somewhat like the 
Beaufort Inlet region in this respect. 


Ogyrides limicola, n. sp. Fig. 1 


Description—Rostrum short, depressed, equi- 
laterally triangular; postrostral carina with 11 
teeth, flanked on each side by row of setae ex- 
tending to rostrum tip; eyestalks long, lightly 
setiferous dorsally and mesiodorsally, narrowest 
in middle, exceeding antennular peduncles by 
approximately 2}¢ times corneal length; antennal 





A 


Fig. 1.—Ogyrides limicola: (a) Carapace and 
anterior appendages, lateral view; (b) terminal 
segment appendages, dorsal view; (c) anterior 
appendages and portion of carapace, dorsal view. 
Approximate magnification X11. 
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and antennular peduncles nearly equal in length, 
second antennular segment three times as long as 
third segment; stylocerites terminating in two 
strong acuminate spines of nearly equal length; 
antennal scales and second segment of antennular 
peduncles reaching nearly same level distally, 
scales evenly rounded mesially, three times 
longer than greatest width, greatest width in 
basal half; third maxillipeds when extended 
exceeding eyestalks; pterygostomian area broadly 
obtuse; first legs exceeding midlength of antennal 
peduncles by full length of chelae; fingers of 
chelae pointed, agape when closed; telson with 
anterior pair of spines placed well behind lateral 
prominences; uropods with exopods slightly 
falciform, lateral borders nearly straight; telson 
with three horny ridges at proximolateral corners 
ventrally and uropods with an_ interlocking 
horny eminence on basal segment dorsally. 

Types.—The holotype (an ovigerous female, 
U.S.N.M. no. 96675) and a series of 14 paratypes, 
as well as 11 other specimens, have been de- 
posited in the U. 8. National Museum. A second 
series of nine paratypes has been placed in the 
Museum of Comparative Zoology at Harvard 
University. The carapace length of the holotype 
is 514 mm, and the total length from tip of 
rostrum to tip of telson is 16 mm. 

Type locality —Mouth of Far Creek at Engel- 
hard, Hyde County, N. C. The creek at this 
locality is a shallow mud-bottomed estuarine 
stream which is not subject to periodic tides. 
The depth varies from 1 to 8 feet. The holotype 
was taken from the channel near the white light 
beacon. 

Variations —The chief individual differences 
observed in this species are the variable number 
of spines on the postrostral crest (11 in the 
illustrated specimen, 8-14 in other specimens), 
and variations in the lengths of the stylocerite 
spines. 

Color of females (from females at type locality, 
May 17, 1954).—General body structure color- 
less, clear, internal organs visibie, gut dark, 
hepatopancreas light brown. Eyestalks, antennal 
and antennular peduncles, and distal portions of 
anterior appendages with red and yellow spots. 
Uropods and sixth segment of abdomen with 
scattered red spots. Ovigerous females with 
yellow-green (chartreuse) colored eggs on swim- 
merets. One small female, apparently not com- 
pletely spawned out, with chartreuse colored ova 
inside ovary ; these ova smaller than external eggs. 
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Relationships.—This species seems to most 
closely related to Ogyrides yaquiensis Ai nstrong 
(1949), differing from it chiefly in having shorte 
eyestalks and antennal peduncles. 

Specimens examined.—Thirty-five as iollows: 
NortH Carouina: Carteret County: \ewport 
River Narrows approximately 4 miles northwest 
of Morehead City; White Oak River, neg 
mouth; Adams Creek near mouths of Jonaquin 
and Cedar Creeks; Hyde County: Far Creek at 
Engelhard; west side of upper Wysocking Bay; 
Onslow County: Hall Creek, tributary of Queen 
Creek. 

A few specimens were not properly labeled 
when collected. They are known to come from 
some of the Carteret County estuaries listed 
above and from South River, Carteret County, 
N. C. 

Remarks.—Ogyrides limicola has invariably 
been found on (or in) the bottom of muddy 
estuarine streams. The specimens were collected 
with a small beam trawl equipped with a bag and 
codend made of 14-inch bar mesh. A tickler 
chain was used to stir the bottom ahead of the 
net. The shrimp collected could have come from 
the surface of the mud or from shallow burrows 
in the surface layer of mud. The length of the 
eyestalks indicates that the animals may live 
in shallow burrows with only the tips of the 
eyestalks projecting above the surface. The 
paucity of specimens taken in over 600 collee- 
tions from estuaries further indicates that the 
form is a burrower and may have a Jight popula- 
tion density. The Hyde County localities show 
the greatest population densities. 

The collections of O. limicola have been made 
in a bottom salinity range of 9-31%>. Samples 
were taken throughout the year at most of the 
localities listed, but O. limicola has been col- 
lected only in February and from April to 
September. Ovigerous females are known to 
occur from May to September. 

The chief crustacean associates found with 0. 
limicola are juveniles of Penaeus setiferus, P. 
duorarum, P. aztecus, and Callinectes sapidus. 


LITERATURE CITED 


ARMSTRONG, JOHN C. New Caridea from the Domini- 
can Republic. Amer. Mus. Nov. no. 1410: 1-27, 
9 figs. 1949. 

Hay, W. P., and SHorg, C.’A. The decapod crusta- 
ceans of Beaufort, N. C., and the surrounding 
region. Bull. U. S. Bur. Fish. 35 (1915-16): 
371-475, 20 figs., pls. 25-39. 1918. 








FEBRI 


KINGS! 
Vi 
rev 
Pa 
del 

STEBBI 


2001 
( 


A, ¢ 
of am 
two 0 
Sound 
ceive | 
this § 
some 
towar 
Walke 
looked 
at tim 
a wid 


Guif « 
Walke 





In 19 
specie 
Sound 
Tierre 
genus 
deseri 
Fimbr 
for it. 
it as 
from 
deseri 
of Eu 
its ge 
cerops 
Alder 
tenurc 
San | 
















> Most 


strong 
horter 


llows: 
Wport 
hwest 


aqguin 
ek at 
Bay; 
Jueen 


from 
isted 
Inty, 


ni- 


7, 
a- 


b): 












Fepruary 1955 


Kinastey, J. S. On a collection of Crustacea from 
Virginia, North Carolina, and Florida, with a 
revision of the genera of Crangonidae and 
Palaemonidae. Proc. Acad. Nat. Sci. Phila- 
delphia 31: 383-427, 1 pl. 1879. 

SrepBING, THOMAS R. R. Part VII of South African 


SHOEMAKER: NOTES ON AMPHIPOD CRUSTACEAN 


59 





Crustacea, for the marine investigations in 
South Africa. 15 (1914-16): 1-55, 8 pls. 1914. 

Stimpson, W. Prodromus descriptionis animalium 
evertebratorum .. . observavit et descripsit. Pars 
VIII. Crustacea macrura. Proc. Acad. Sci. 
Philadelphia 12: 22-47. 1860. 


LOOLOGY.—Notes on the amphipod crustacean Maeroides thompsoni Walker. 
CLARENCE R. SHOEMAKER, Smithsonian Institution. 


A. O. Walker in 1898 described a species 
of amphipod, Maeroides thompsoni, from 
two males, not fully mature, from Puget 
Sound, Wash., creating the genus to re- 
ceive it. It is now known that the male of 
this species exhibits marked changes in 
some of its characters as growth advances 
toward full maturity. For this reason 
Walker’s species appears to have been over- 
looked, and its immature stages have been 
at times described as distinct species. It is 
a Widely distributed species and has been 
recorded from Puget Sound down to the 
Gulf of California. 

T. R. R. Stebbing in 1899 transferred 
Walker’s species to the genus Gammaropsis. 
In 1904 S. J. Holmes described it as a new 
species, Gammaropsis tenuicornis, from Puget 
Sound. T. R. R. Stebbing in 1906, in Das 
Tierreich, placed Walker’s species in the 
genus Hurystheus. In 1913 Vinnie R. Stout 
described it from Laguna Beach, Calif., as 
Fimbriella robusta, making the new genus 
for it. C. R. Shoemaker in 1916 described 
it as a new species, Podoceropsis concava, 
from Venice, Calif. In 1931 Shoemaker re- 
described and figured the fully mature male 
of Eurystheus tenuicornis (Holmes), giving 
its geographical range, and making Podo- 
ceropsis concava a synonym of it. A. L. 
Alderman, in 1936, recorded Eurystheus 
tenuicornis (Holmes) from Moss Beach, 
San Mateo County, Calif. In 1942 Shoe- 


maker recorded Eurystheus tenuicornis 
(Holmes) from Magdalena Bay, Lower 
California. 


It now appears that Gammaropsis tenui- 
cornis Holmes, 1904, Fimbriella robusta 
Stout, 1913, and Podoceropsis concava Shoe- 
maker, 1916, are synonyms of the earliest 
species, Eurystheus thompsoni (Walker), 
1898. 
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ORNITHOLOGY .— Description of a new chipping sparrow from Canada. Harry 


C. OBERHOLSER, Cleveland, Ohio. 


Several years ago, in the course of a survey 
of the races of Spizella passerina to determine 
those that occur in Texas, a new Canadian 
form seemed worthy of recognition. This is 
how put into print, particularly at the 
request of a prominent ornithologist of 
Canada. 


Spizella passerina boreophila, n. subsp. 
CANADIAN CHIPPING SPARROW 
Subspecific characters—Similar to Spizella 
passerina passerina, but larger, and ground color 


of upper surface, except pileum, paler, more 
grayish, near drab. Like Spizella passerina 











but darker above, particularly the 
pileum; sides of head and the hind neck more 


arizonae, 


clearly gray (less brownish) and somewhat 
darker; postocular streak wider. . 

Measurements in millimeters—Adult male: 
Wing, 70.0-74.0 (average, 72.0); tail, 59.5- 
65.0 (62.3); exposed culmen, 9.0-10.0 (9.3); 
tarsus, 17.0-18.0 (17.3); middle toe without 
claw, 11.5-13.0 (12.3). Adult female: Wing, 
65.0-69.5 (67.8); tail, 57.0-61.0 (58.8); ex- 
posed culmen, 9.0-10.0 (9.5); tarsus, 16.0- 
17.5 (16.8); middle toe without claw, 11.5-12.8 
(12.3).! 

Type.—Adult male, U. S. National Museum 
no. 194942, Biological woo collection; Fort 
Simpson, Mackenzie, Canada; May 23, 1904; 
Edward A. Preble, original number, 1761. 

Geographical distribution—Breeds north to 
northeastern Manitoba, northern Saskatchewan, 
northeastern Alberta, central southern and 
central western Mackenzie, central western 
Yukon, and east-central Alaska; west to east 
central Alaska, western British Columbia, south- 
western Montana, western Wyoming, southern 
Idaho, and northern Utah; south to northern 
Utah, northern Colorado, and western Nebraska; 
and east to middle Nebraska, middle South 
Dakota, middle North Dakota, west central 
Ontario, and northeastern Manitoba. Winters 
north to north central Texas, northern Sonora, 
and southern California; and south to Michoa- 
cAn, State of Mexico, and Puebla. Accidental in 
central northern Alaska (Point Barrow). 

Remarks.—As evidenced by the range given 
above, this race occupies a wide area in Canada 
and seems sufficiently different from both 
Spizella passerina passerina and Spizella pas- 
serina arizonae to make its subspecific separation 
desirable. 

The original description of the Eastern 
Chipping Sparrow, Fringilla passerina Bech- 
stein,? was based on the bird from Canada. Since 

' In comparison, average measurements of male 
Spizella passerina passerina are: wing, 69.3; tail, 
56.6; exposed culmen, 9.1; tarsus 16.3; middle toe 


wit hout claw, 11.7. 


2 Fringilla passerina Bechstein (Borkhausen 
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at that time most of the Canadian specimens 
that found their way to Europe came {vom the 
vicinity of Quebec, it is now, therefore, thought 
proper, as is herewith done, to designate the city 
of Quebec in the province of Quebec, Canada, > 
the type locality of Fringilla passerina Bechstein, 
Birds from this area have been examined and 
found to be identical with birds from the eastem 
United States, so that the eastern chipping 
sparrow is properly entitled to the name Spizella 
passerina passerina (Bechstein).? 

_ The Fringilla socialis of Alexander Wilson 
was described without locality, but the specimen 
that Wilson examined was “Peale’s Museum 
No. 6571.” Therefore it is reasonable to suppose 
that Philadelphia, Pennsylvania, was the place 
at which this specimen was obtained. By fixing 
the type locality of Fringilla socialis Wilson as 
Philadelphia, Pa., which is now here done, in 
accordance also with the characters shown by 
Wilson’s plate in the work above cited, the name 
becomes of course a synonym of Spizella passerina 
passerina (Bechstein). Therefore neither of these 
two is applicable to the bird from middle Canada, 
now described; nor is this northern race the same 
as Spizella passerina stridula Grinnell‘ from 
California, from which it differs in its longer 
wing and tail, and somewhat lighter upper parts, 
From Spizella passerina atremaea Moore’, of 


northern Mexico, it is readily distinguished by , 


its lighter, less heavily steaked upper parts and 
lighter lower surface. 

Breeding birds of this species from southem 
Idaho and northern Utah belong to the present 
race, although they are somewhat intermediate 
between it and Spizella passerina arizonae. 





MS.), in Latham’s Algem. Uebers. Vogel 6 (III, 
pt. 2): 544, pl. 120, fig 1. 1798 (‘“Canada’’). 

3 American ornithology 2: 127, pl. 16, fig. 5. 
1810 |preface, Jan. 1]. 

4 Condor 29(1) :81. Jan. 15, 1927. 

5 Spizella passerina oe Moore, Proc. 
Biol. Soc. Washington 50: 203. Nov. 26, 1937. (‘‘Los 
Frailes, Chihuahua, Mexico, near Durango- 
Chihuahua state line, ten miles east of Sinaloa 
state line, Mexico’’). 
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ICHTH YOLOGY.—Pontinus clemensi, a new scorpaenid fish from the tropical 
eastern Pacific. Joan E. Frrceu,' California Department of Fish and Game. 


(Communicated by Leonard P. Schultz.) 


The single specimen upon which this 
description is based was one of several fish 
species taken with hook and line in 300 feet 
of water by H. B. Clemens, May 3, 1954, lat. 
(2° 25’ N., long. 79° 00’ W. Clemens, a 
guest aboard the tuna clipper Mayflower, 
was biologist in charge on an official tuna 
tagging trip for the California Department 
of Fish and Game. 

This new scorpaenid is referable to the 
genus Pontinus, which is .predominantly 
deep-sea and tropical. Five species of the 
genus have previously been described from 
the eastern Pacific: Pontinus sierra (Gilbert, 
1890), from specimens taken in 71 to 112 
fathoms by the Albatross in the Gulf of 
California; P. furcirhinus Garman, 1899, 
from numerous specimens taken in 66 to 
210 fathoms by the Albatross off Panama, 
and near Cocos and Malpelo Islands; P. 
dubius Steindachner, 1902, from a specimen 
taken at Paita, Peru; P. strigatus Heller and 
Snodgrass, 1903, from a single individual 
found in the stomach of a shark taken near 
Wenman Island, Galépagos; and _ finally 
P. vaughant Barnhart and Hubbs, 1946, 
from an adult caught off Cedros Island, 
Baja California, in relatively shallow water. 


Diagnosis —Pontinus differs from other genera 
in the family Scorpaenidae in having all pectoral 
rays simple. The eighth ray of the left pectoral of 
the present specimen is branched for most of its 
length. This throws doubt upon the value of 
using “absence of branched pectoral rays” as a 
character for distinguishing Pontinus from 
Helicolenus, Hozukius, and Neomerinthe, closely 
related genera having few to several upper 
pectoral rays branched. Large series of Pontinus 
would have to be examined before one could 


'The author is especially grateful to Jack 
Schott, California Department of Fish and Game, 
for taking the excellent photograph of the holo- 
type; to Dr. Carl L. Hubbs, Scripps Institution of 

anography, La Jolla, Calif., for his encourage- 
ment and helpful suggestions during preparation 
of the manuscript and to Arthur O. Flechsig, 
Seripps Institution of Oceanography, for the time 
and effort he spent looking for the type of P. 
vaughani. 





properly evaluate the taxonomic significance of 
this occurrence. 

The greatly produced second and third dorsal 
spines, which are largely free from their mem- 
branes, distinguish Pontinus clemensi from all 
species within the genus except P. vaughani. The 
large eye (contained 4.5 times in head), the large 
head (contained 2.1 times in standard length), 
the more numerous pored scales on lateral line 
(33 as compared to 28), and the generally red 
coloration, numerous dark spots over the entire 
head, body and fins, and numerous other charac- 
ters (Table 1) readily distinguish clemensi from 
vaughani. 

Description.—The holotype, a well-preserved 
specimen 282 mm in standard length, has been 
deposited in the collections of the United States 
National Museum, Washington, D. C. (no. 
163597). 

Because of the greatly produced second and 
third dorsal spines, which suggest a close affinity 
to P. vaughani, a direct comparison of the two 
species would have been desirable; however, a 
search through the Barnhart collection at Scripps 
Institution of Oceanography as well as a careful 
check of other preserved material at that institu- 
tion failed to produce the holotype (and only 
known specimen) of vaughani. As a result, for 
ease in comparing clemensi to vaughani, the en- 
suing description purposely closely parallels that 
of Barnhart and Hubbs (1946) for P. vaughani. 

Head relatively large (468)? contained 2.1 
times in standard length; length of orbit (104) 
enters head 4.5 times; greatest diameter across 
cornea (83) contained in head 5.7 times; length 
of snout (154) measures 3.0 times in head; least 
bony interorbital (66) measures 7.1 times; fleshy 
suborbital width (59) measures 8 . 1 times in head. 
When mouth is tightly closed tip of mandible 
fails to extend to a vertical from margin of upper 
lip by approximately one millimeter. The maxil- 
lary (247) extends to nearly vertically beneath 


2 Corresponding figures in parenthesis through- 
out the description represent the proportional 
measurements expressed in thousandths of stand- 
ard length. Measurements, unless otherwise indi- 
cated, were taken according to the recommenda- 
tions of Hubbs and Lagler (1941). 
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posterior margin of cornea and in greatest width 
(63) is contained 7.4 times in head length. 
Spines of head are moderately strong and for 
the most part closely agree with the arrangement 
ascribed by Barnhart and Hubbs (1946) for 
P. vaughani. The strong, slightly convergent 
nasal spines are separated at their tips by a 
distance (33) equal to one-half bony interorbital 
width; tips of trifid left and simple right pre- 
orbital spines separated by a distance (70) only 
slightly less than separation (71) of blunt supra- 
orbital spines; right postorbital bifid as is left 
tympanic; left postorbital, right tympanic, and 


TasLe 1.—CoMPARISON OF PONTINUS CLEMENSI WITH 
P. VAUGHANI 


Measurements and counts | P. clemensi |P. vaughani? 





MEASUREMENTS:! 


Standard length. . 282 427 
Total length ‘ 1227 } 
Head length 468 417 
Eye diameter (cornea) 83 61 
Fleshy orbit 104 81 
Maxillary length 247 244 
Least suborbital width 59 7 
Bony interorbital width | 66 56 
Snout length 154 | 136 
Third dorsal spine (longest) 221 | 208 
Second anal epine (longest) 152 | 126 
Fourth dorsal ray (longest) | 156 } 169 
Second anal ray (longest) 197 | 221 
Eleventh pectoral ray (longest) 248 246 
Pelvic length . 230 254 
Snout to first dorsal insertion 431 | 
Snout to second dorsal insertion 741 | 
Snout to anal insertion ; 738 
Snout to pelvic insertion 429 
Snout to pectoral insertion. . . 426 
Pectoral insertion to first dorsal 

insertion | 241 
Pelvic insertion to first dorsal in- 

sertion 355 
Anal insertion to dorsal contour 

(perpendicular ) 266 } 
Least caudal peduncle depth 106 
Greatest body width (shoulders). 202 168 
Dorsal peduncle length | 142 
Anal peduncle length 181 
First gill raker below angle (length) 32 

Counts: 

Dorsal XI, 1,9 XI, 1,9 
Anal ill, 5 Ill, 5 
Pectoral 19 20 
Pelvic 1,5 I, 5 
Caudal (principal rays) 7+ 6 13 
Lateral line scales (pored).. . . 33 28 
Oblique scale rows above and 

parallel to lateral line 50 39 


Scales down and back from D: in- 
sertion to lateral line 
Gill rakers (functional) 


| 10 8 
4+14+8 24149 
1 Standard length in millimeters, all others expressed in 
thousandths of standard length. 
? From Barnhart and Hubbs (1946). 
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both parietal and nuchal spines simpk 
these spines separated by distances 
greater than least bony interorbital (8( 73, 67, 
and 78, respectively) ; below and behind t »mpanie 
spine is a thick, prominent ridge some\: hat les 
than one-fourth as long (23) as orbit but «oes not 
end in a spine; below this ridge, near edge of orbit, 
behind and slightly above middle of eve lies g 
cluster of tiny spines (5 on the left side, 4 on the 
right); these spines not connected with definite 
ridges, but they lie in advance of and just below 
a strong horizontal ridge that ends in a spine and 
that lies just above upper end of preoperele: 
two spines lie on shoulder near upper edge of 
opercle and just anterior to lateral line; mor 
anterior of these quite strong and in length (30) 
enters orbit 3.5 times; posterior spine scarcely 
noticeable; shoulder girdle above base of pectoral 
fin bears a very flat bony ridge directed more 
upward than backward and ends in a single flat 
spine, tip of which is a distance (63) above 
pectoral insertion nearly equal to least bony in- 
terorbital width; the rather strong suborbital keel 
bears four spines on right side and only three 
definite spines on the left; first of these, weak on 
right and obsolescent on left, lies slightly behind 
and on a vertical beneath hind margin of pos- 
terior nostril; between first and second spines the 
ridge arched upward; second spine, bifid on right 
side, lies almost directly beneath center of eye; 
third and strongest lies on a vertical below pos- 
terior margin of orbit; fourth, almost at margin 
of preopercle, slightly above and anterior to up- 
per preopercular spine; before origin of sub- 
orbital ridge on preorbital are two other, non- 
spinous ridges, divergent forward; three strong, 
triangular spines on preorbital margin project 
downward, central one slightly forward and 
other two slightly backward; uppermost of the 
five preopercular spines by far strongest, ridge 
of the right side bears a secondary spine at its 
base; broadly triangular third spine next strong- 
est; second, much nearer first than third (roughly 
one-third distance between the two), also rather 
strong; fifth spine, obsolescent on right and weak 
on left, partially embedded on both sides; two 
strong opercular spines lie at end of slightly 
divergent ridges. 

The teeth are in villiform bands on jaws, 
vomer and palatines; medially premaxillary band 
strongly arched; anteriorly, under cover of upper 
lip, it becomes moderately expanded; anterior 
process of premaxillary tooth band somewhat 
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extroverted yet lies posterior to and somewhat 
concealed by thick, upper lip; premaxillary teeth 
lie outside those of mandible when mouth is 
closed; vomerine band very narrow posteriorly 
but broadens anteriorly just behind anterior 
semicircular section; palatine band, weakly 
arched inward, is narrow though slightly ex- 
panded toward posterior end and moderately 
dilated at inward-hooked anterior end. 

Six branchiostegals; pseudobranchiae short; 
gill rakers on outer arch number 8 + 1 + 14 = 
98; of these, ten may be considered rudimentary 
or non-functional (4 on upper limb and 6 on 
lower); On right side first raker below angle bi- 
fureate and its length (32) measures 3.3 times in 
diameter of orbit. 

Body covered with finely ctenoid scales; on 
average about one-half of surface of each scale 
covered by small accessory scales, also strongly 
etenoid; oblique rows, rather irregular and diffi- 
cult to count, number 50 just above and parallel 
to lateral line; 10 scales in series running obliquely 
downward and backward between first dorsal 
insertion and lateral line; lateral line has 33 pores 
to caudal base; scales like those of body, but 
somewhat smaller, cover all opercles, postorbital 
region and cheeks; ctenoid accessory scales occur 
over these areas in abundance and somewhat 
similar minute ctenoid ‘scales cover interorbital 
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region and extend thence forward to near nasal 
spines; such scales also occur on suborbital and 
preorbital regions; before nasal spines, on the 
lips, and on anterior half of mandible are 
numerous somewhat scalelike villi and fimbriae; 
small to minute ctenoid scales cover most of 
maxillary except near edges; small scales roughen 
the upper surface of eyeball and edge of bran- 
chiostegal rays; minute ctenoid scales cover most 
of outer surfaces of nearly all fin rays, including 
dorsal spines and also pectoral rays except where 
9 of 10 lower rays are thickened. 

Two forward directed, round pores open at tip 
of lower jaw, one on either side of symphyseal 
knob; following this five pairs of slitlike pores 
from anterior to posterior are located as follows: 
under tip of lower jaw; under margin of lower 
lip half-way between first and third pairs; on 
center of dentary at a distance equal to half 
length of maxillary; behind and on a level with 
lower edge of maxillary; and between fourth 
and fifth preopercular spines; of these pores, 
those on dentary are largest and most obvious. 

Dermal filaments consist primarily of a slender 
supraorbital cirrus somewhat flattened at its tip 
(length, 12), posterior border of anterior nostril 
produced into a flat, fimbriated flap, no cirri 
apparent on body. 

Dorsal rays number XI, I, 9; all soft rays 





Fig. 1.—Pontinus clemensi, n. sp., holotype (U.S.N.M. 163597), from 50 fathoms, 22 miles off the coast 


of Colombia (lat. 02° 25’ N., long. 79° 00’ W); 282 mm in standard length. 
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branched and in last one the two elements widely 
separated; anal rays III, 5 and all soft rays 
branched; principal caudal rays number 13, 11 
branched and two unbranched rays extend nearly 
to tips of lobes; pelvic fin has one stiff spine and 
five branched rays; pectoral fin of 19 rays. 

Second and third dorsal spines greatly elon- 
gated, second almost completely exserted; mem- 
brane behind second spine deeply indented and 
on distal one-half reduced to a slight mem- 
braneous keel, terminating in a leathery flap that 
projects beyond bony point; behind third spine 
membrane curves gently for entire length to con- 
nect with fourth spine approximately two-thirds 
distance from base to tip; distally membrane of 
third spine terminates in a flap similar to that of 
second; lengths of dorsal spines in thousandths of 
standard length are respectively: 47, 207, 221, 
128, 119, 111, 111, 106, 89, 67, 53, 99. Soft dorsal 
fin abruptly higher than last dorsal spines; fourth 
ray longest but its length (156) scarcely greater 
than that of either third or fifth. 

Second anal spine slightly longer than third 
and both somewhat more than twice as long as 
first, in thousandths of standard length these 
measure, respectively, 57, 152 and 131; first and 
second soft anal rays longest, essentially of equal 
length (197). 

Width of pectoral base (111) considerably less 
than half lengths (248) of tenth and eleventh 
(longest) rays; eighth ray on left side branched 
for much of its length, all others simple; all mem- 
branes incised to varying degrees, particularly 
between lowermost 10 pectoral rays; first nine 
of lowermost ten rays swollen distally. 

Length (230) of pelvic fin somewhat less than 
that of pectoral, contained 2.0 times in head 
length. 

Spinous dorsal, pectoral and pelvic fins in- 
serted almost equal distances from tip of snout 
(431, 429, and 426, respectively); similarly 
distances from tip of snout to anterior insertion 
of dorsal spine XII (second dorsal insertion) and 
insertion of first spine of anal almost equal 
(741 and 738). 

An examination of the otoliths (sagittae) indi- 
cates an age of eight years. 

When fresh the specimen was generally rose 
pink over most of head, back and sides, grading 
to silvery pink on belly; body and fins were pro- 
fusely spotted; most of spots were dark brown, 


ACADEMY OF SCIENCES VOL. 45, 
and sharply outlined with rust-orange 
there were several yellow-orange blotches on 
around head; most noticeable of these were 
posterior part of maxillary; on cheek just 
terior to maxillary, directly beneath cye;¢ 
nape, between dorsal insertion and a point 
opercle, thence ventrally almost to a level with 
pectoral fin; lips were a bright orange with some 
yellow, membrane at hind border of eye way 
yellow, cirri on supraorbitals and anterior nostril 
were a bright scarlet; dark brown blotches op 
interspinal membranes of dorsal bore overecolom 
of greenish yellow; otherwise, all fins had 
pinkish-red cast; lining of buccal cavity ‘was elear 
white; areas under opercles and around pseudo 
branchiae were a dusty pink. te 
It is an especial pleasure to be able to associate 
with this new and interesting scorpaenid the name 
of Harold B. Clemens, a biologist with the 
California Department of Fish and Game, whose 
untiring collecting efforts have resulted i 


quantities of exceedingly fine specimens. 
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